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Executive Summary

Historically, about one-third of all energy consumed in the United States has been used by manufacturers.
About one-quarter of manufacturing energy is used as feedstocks and raw material inputs that are converted
into nonenergy products; the remainder is used for its energy content. During 1988, the most recent year for
which data are available, manufacturers consumed 15.5 quadrillion British thermal units (Btu) of energy to
produce heat and power and to generate electricity. The manufacturing sector also has widespread capabilities
1o switch from one fuel to another for cither economic or emergency reasons.

There are numerous ways 1o define fuel Figure ES1: Manufacturers’ Discretionary Consumption
switching. For the purposes of the Ranges Resulting from Fuel-Switching
Manufacturing Energy Consumption Capability, 1988

Survey (MECS), fuel switching is de-

fined as the capability to substitute one o

Quadriillos Bty

energy source for another within 30
days with no significant modifications
to the fuel-consuming equipment, while
keeping production constant.
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Fuel-switching capability allows manu-
facturers substantial flexibility in choos-
ing their mix of energy sources. The .0 |
consumption of a given energy source
can be maximized if all possible switch-
ing into that energy source takes place. FOSeh
At the other extreme, consumption can
be minimized if all possible switching
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place. The range defined by these two
limits represents the discretionary |

consumption of an ¢nergy source re-
sulting from fuel-switching capability.
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A preference for a given energy source

is indicated when it actual consump-

tion approaches its maximum consumption potential. Conversely, a preference for alternative energy sources
is indicated when actual consumption approaches its minimum required level. In 1988, coal and coke were
used whenever possible, whereas distillate fuel oil and liquefied petroleum gases (LPG) were seldom used as
fuels when manufacturers had a choice.

Manufacturers could have reduced domestic oil consumption by only 1 percent by switching fuels

In 1988, manufacturers consumed an average of 3.7 million barrels per day of petroleum-based energy sources.
Of that amount, 2.2 million barrels per day were consumed as a feedstock or raw material input. With the
exception of some switching between petroleum-based and natural gas-based LPG, switching of feedstocks and
raw material inputs is ordinarily not feasible. In the MECS, natural gas- and petroleum-based LPG are treated
as a single product class. Another 1.1 million barrels per day were refinery products—still gas and petroleum
coke—that were consumed in the normal course of refinery operations. Only the relatively small remainder,
428 thousand barrels per day, or 6 perent of manufacturers’ total energy consumption, were petroleum fuels
consumed by choice, for which the concept of fuel-switching capability is applicable. A significant part of that
fuel use—181 thousand barrels per day—could have been replaced by nonpetroleum fuels (Table ES1). Howev-
er, it would have been necessary for manufacturers to have exercised all possible fuel-switching capabilities out
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of petroleum-based fuels. As a result, manufacturers are severely limited in the extent to which they can
reduce total U.S. dependence on petroleum-based energy sources. In 1988, total petroleum products supplied
for domestic consumption was 17.3 million barrels per day. Manufacturers could have reduced that consurmyp-
tion by only one percent by exercising all fuel-switching capabilities out of petroleum-based fuels to alternative
fuels such as natural gas and coal.

Table ES1: Petroleum-Based Fuel Consumption Switchable to Nonpetroleum-Based Alternatives
by Manufacturers, 1988
(Thousand Barrels per Day)

Description Distillate Fuel | Residual Fuel Liquefied Total Petro-
Qil Oil Petroleum leum
Gas
Total Actual Consumption . ..., 101 248 80 428
Quantity Switchable to Non-
petroleum-Based Alternatives . 22 121 %38 181
Alternative Fuels:
NaturalGas .............. 18 100 35 153
Purchased Electricity . . . ... .. 2 6 2 9
Coal and Coke . ..... e 1 9 1 11
Other Nonpetroleum Fuels . .. 1 6 2 10
Total . ........co ... 22 121 40 184

8Thirty-eight thousand barrels per day represents the part of LPG consumption that could have been switched to nonpetroleum
alternate fuels. The sum of the amounts of LPG switchable to individual alternative fuels (40 thousand barrels per day) exceeds this
amount due to overlapping replacement capability to two or more alternative fuels at some establishments.

Note: Totals may not equal sums of components because of independent rounding.

Source: Energy Information Administration

Manufacturers minimize consumption of petroleum-based fuels

In 1988, manufacturers’ consumption of petroleum-based fuels was insignificant compared to what it could
have been. The consumption of residual fuel oil, for example, was 248 thousand barrels per day. The
consumption of LPG as a fuel and distillate fuel oil was 80 and 101 thousand barrels per day, respectively.
Those low levels of consumption existed because manufacturers have the ability to switch fuels. Manufacturers
could have increased the consumption of residual oil to 726 thousand barrels per day by switching away from
other energy sources such as natural gas. Similarly, they could have increased the consumption of distillaie
and LPG to 671 and 681 thousand barrels per day, respectively.

Manufacturers have limited opportunities to further reduce the consumption of peiroleum-based fuels

Even though manufacturers could have substantially increased their consumption of petroleum-based energy
sources by implementing their fuel-switching capabilities, they had limited opportunities to further decrease:
their consumption of those petroleum-based energy sources. Manufacturers have certain minimum require
levels of consumption for most energy sources. Those levels result from the inability of a manufacturer o
consume an alternative energy source even in an emergency situation. These minimum requirements can resuli
from the inability to obtain an alternative energy source, limitations of the energy-consuming equipment,
process requirements, and environmental restrictions. Of the three peiroleum-based fuels, residual fuel oil
had the greatest potential 10 be replaced by nonpetroleum-based energy sources. By instituting all possible
nonpetroleum substitutions for residual fuel oil, its consumption could have been reduced from 248 to 127
thousand barrels per day. Similarly, the actual consumption of LPG could have been reduced from 80 to 47
thousand barrels per day, and distillate, from 101 to 79 thousand barrels per day.
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Natural gas is the fuel of choice by manufacturers

In 1988, manufacturers consumed 5,141 billion cubic feet (Bcf) of natural gas, and it met 34 percent of their
total energy requirements to produce heat and power and to generate electricity. By exercising all possible
switching opportunities into natural gas, consumption could have been increased to 35,840 Bef, and increase
of 14 percent. Conversely, by exercising all possible switching opportunities away from natural gas, its
consumption could have been reduced 1o 3,133 Bcf, a decrease of 39 percent. Thus, while there were some
opportunities to consume additional natural gas, there were ample opportunities to have reduced iis
consumption, had manufacturers chosen to do so.

Price differences account for manufacturers’ reluctance to consume distillate or LPG in place of nagural gas
i

Had manufacturers chosen to replace natural gas with an alternative energy source, the pnmary replacements
would have been distillate and residual fuel oil and LPG. However, there was very limited economic incentive
to replace natural gas with either distillate fuel oil or LPG. In 1988, the average mz > 10 manufacturers of
natural gas was $2.52 per million British thermal units (Btu). The average prices of distillate and LPG were
$4.66 and $5.27 per million Btu, respectively.

Manufacturers chose natural gas over residual oil despite apparently favorable price incentives

Nationally, the average 1988 price of residual oil to manufacturers was $2.50 per million Btu, nearly equal to
the price of natural gas. However, the price of natural gas varied substantially by geographic region, while the
price of residual oil remained fairly constant. In the Northeast Census Region, for example, the prices per
million Btu were $2.66 for residual oil and $3.31 for natural gas. Similar price relationships were found in
the Midwest and West Census Regions. Only in the South Census Region was the average price of natural
gas less than the average price of residual fuel 0il—$2.17 versus $2.37 per million Biu. In ali regions, however,
natural gas was decidedly the preferred energy source. There are several possible reasons why manufacturers
did not switch from natural gas 1o the less expensive residual oil. First, in spite of the fact that the price of
residual oil may be less than the price of natural gas, residual may be more expensive 10 burn because it must
be preheated to reduce its viscosity. Second, environmental regulations may limit the guantities of residual
that can be consumed. Third, because of flexible natural gas pricing, large consumers ofien receive a reduction
in gas rates without having to swiich to the alternative energy source.

Few opporunities exist to replace electicity with an alternative encrgy source

Electricity was the second most popular cnergy source consumed by manufacturers in 1988

were 728 billion kilowatthours (kWh), which accounted for 16 percent of manufacturers’ total ing
requirement. Manufacturers had very little flexibility in choosing how much eleciricity they cm;éd mvx@
consumed. By exercising all pos s *: opportunities 10 replace clectricity with an alternative energy source,
consumption could have been reduced to 716 billion kWh. Rsslasmg other energy sources with electricity
could have increased consumpi:iam t¢ 771 billion kWh.

Manufacturers maximize consumption of coke and coal by consuming 90 million short o

Manufacturers’ 1988 consumption of cozal and coke as an input fuel was 90 million shor? tons. These energy
sources accounted for 13 percent of mas’mfas{urers demand for energy to produce }":022 ai 1l powsr E‘a”fiifi 0
generate electricity. The consumption of coal and coke was close 10 its maximum, ¢
production in 1988. Implementing all fuel-switching capabilities from other energy sumc-‘

could have increased consumption to only 96 million short ton

1

s. Conversely, manufacturers \,ours have
reduced the consumption of coal and coke to 64 million short tons by exercising all possible opportunitics to

burn alternative energy sources.
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1. Introduction

This report, Manufacturing Fuel-Switching Capabilify 1988, has been prepared by the Energy End Use
Division, Office of Energy Markets and End Use, Energy Information Administration (EIA).

The EIA is mandated by Congress to be the agency within the Department of Energy that collects, analyzes, and
disseminates impartial, comprehensive data about energy—how much is produced, who uses it, and the purposes for
which it is used. To comply with that Congressional mandate, the EIA collects energy data from a wide variety of
sources covering a range of topics.’

The estimates in this report are based on data collected
on the 1988 Manufacturing Energy Consumption
Survey (MECS), Forms 846 (A through C). The EIA
conducts this national sample survey of manufacturing
energy consumption on 2 triennial basis. The MECS is
the only comprehensive source of national-level data on
energy-related . information for the manufacturing
industries. The MECS was first conducted in 1986 to
collect data for 1985. This report presents information
on the fuel-switching capabilities of manufacturers in
1988. This report is the second of a series based on
the 1988 MECS. The first report, Manufacturing
Energy Consumption Survey: Consumption of Energy 1988, presented a comprehensive description of
energy consumption by manufacturers.” A future report will present an analysis of changes in energy efficiency.
The EIA also conducts energy consumption surveys in the residential, residential transportation, and commercial
buildings sectors.

A Guide to the Tables in this Report

finimum and Maxin
~Consumption Requir
Switching Capabilities
from Specific-Energy Sources . Tables 2-7

adtime to Switch e Tables 8-14
elative Standard Brrors . ... . .. Tables 15-28

Table 1

The MECS is conducted by the EIA under the authority of the Federal Energy Administration Act of 1974, Public
Law 93-275, as amended, and Section 205 of the Department of Energy Organization Act, Public Law 93-91, as
amended by Section 3102 of the Omnibus Budget Reconciliation Act of 1986, Public Law 99-509.

The Industry Division of the Bureau of the Census serves as EIA’s data collecting and compiling agent for the
MECS. All data reported to the Bureau of the Census are confidential under the provisions of Section 9, Title 13,
of the U.S. Code.

The EIA gratefully acknowledges the cooperation of the respondents in supplying the information used to produce
the estimates in this report.

'The EIA conducts numerous energy-related surveys. In general, these surveys can be divided into two broad groups. One group of surveys
is directed to the suppliers and marketers of specific energy sources. These surveys measure the quantities of specific fuels produced and:or
supplied to the market. These types of surveys are called supply surveys. The results of these supply surveys are combined and published in
the Monthly Energy Review, and other EIA publications. The second group gathers information on the types of energy used by the end users
of energy along with the characteristics of those end users that can be associated with energy use. The MECS belongs to the consumption survey
group because it collects information directly from the end-users—the manufacturing establishments. There are important differences between
the supply and consumption surveys that need to be taken into account in any analysis that uses both data sources, For information on these
differences, see Energy Information Adminisiration, Energy Consumption by End-Use Sector, A Comparison of Measures by Consumption and
Supply Surveys, DOE/EIA-0533 (Washington, DC, April 6, 1990). Appendix C of this report also includes a summary of the differences for the
industrial/manufacturing sectors.

“Energy Information Administration, Manufacturing Energy Consumption Survey: Consumption of Energy 1988, DOEELA-
0512(88) (Washington, DC, May 1991).
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2. Surveying the Manufacturing Division

The Scope of the 1988 MECS

The manufacturing division® of the U.S. economy produces final producis that consumers purchase, such as
automobiles and household furniture, as well as intermediate products such as automobile engines and
upholstery fabric that are used by other manufacturers to produce other final or intermediate products. The
division is composed of approximately 350,000 establishments.

A manufacturing establishment is generally at a
single physical location and is often called a plant,
factory, or mill. Manufacturing establishments use
mechanical or chemical processes to transform input
materials or substances into new products. They
ordinarily use power-driven machines and equipment
for handling materials. A manufacturing establish-
ment may also assemble components or perform
blending operations.  Electric utilities, mining
operations, agriculture, forestry and fishery opera-
tions, and construction are not included in the
manufacturing division.

The Sample Design

The estimates in this report are based on data
collected from a carefully designed sample of ap-
proximately 12,000 manufacturing establishments.
The major component of the MECS sample is a
subset of the sample for the Annual Survey of
Manufactures (ASM) conducted by the Bureau of
the Census.* The MECS sample was specifically
designed to produce high-quality estimates of energy
consumption, fuel-switching capability, and related
information for industry categories within the
manufacturing division.

The industrial categories in the MECS sample conform to the 1987 Standard Industrial Classification (SIC)
system developed by the Office of Management and Budget’ That classification system underlies all
establishment-based Federal statistics classified by industry. The SIC system is wsed to promote the
comparability of establishment data describing various facets of the U.S. economy.

The SIC system covers the entire ficld of economic activities and defines industries in accordance with the
composition and structure of the economy. The SIC is a hierarchical classification system in which each level
contains increasingly homogeneous categories of industrial activities. The levels of classification in the SIC

>The manufacturing division is one of four divisions comprising the industrial secior of the U.S. economy as defined by the Energy
Information Administration. The other three divisions in this sector are agriculture, forestry, and fishing; mining; and construction.

4Appem:lix A contains a detailed discussion of the procedures followed to select the MECS sample.

SOffice of Management and Budget, Standard Industrial Classification Manual, 1987 (Washington, DC, 19873,
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system are: division, major group, industry group, and industry. The manufacturing division contains 20 major
groups (SIC 20 through 39).

Manufacturing establishments are classified into industries based on the value of production of specific
products. If an establishment produces more than one type of product, it is classified according to the value
of production of its primary product. For example, an establishment that is primarily engaged in
manufacturing paper from wood pulp, and also manufactures paperboard, is classified in the Paper Mills
Industry (SIC 2621). It would not be classified in the Paperboard Mills Industry (SIC 2631).

The population of manufacturing establishments was stratified into 30 industry categories to select the MECS
sample. These categories are the 20 major manufacturing groups (two-digit SIC) and the 10 specific
manufacturing industries (four-digit SIC) that historically have consumed the largest amounts of energy.® That
stratification scheme helps to ensure that the characteristics of an industry category are properly represented
by the sample. Stratification also helps to control the sampling error, which is present in all sample surveys.”

Defining Fuel-Switching Capability

One way in which energy consumers can adapt to changes in economic conditions, energy supply disruptiors,
and other constraints on energy use is by having the capability to use more than one fuel to meet their energy
needs. For example, a household with a central furnace may also have a wood stove that can assume part o
all of the heating load for the house. Hospitals commonly have emergency backup generators that are uscd
to provide electricity during a power outage.

The capability to substitute one energy source for another is especially prevalent in manufacturing. Some
manufacturers use combustors that are able to burn two or more different fuels simultaneously, in varying
mixtures, to produce the desired heat output. Others have equipment that can burn only one fuel at a time,
but that can easily be converted. Still other establishments have multiple combustors that use different fuels
to supply heat or power for the same purpose. Ordinarily, not all combustors are required to operate at full
capacity to meet heat and power requirements. Thus, these establishments can alter their energy mix by
changing the combustors that are in use.

The MECS measures the short-term capability of manufacturing establishments to have used alternative energy
sources in place of those actually consumed in 1988 to meet requitemenis for heat and power, while keeping
production constant. Specifically, manufacturers must have operated combustors (boilers, furnaces, ovens, and
so on) that had the machinery or equipment in place or available for installation in 1988 so that substitutions
actually could have been introduced within 30 days of a decision to switch without extensive equipment
modifications. Fuel-switching capability could have resulted from the use of combustors that were already
equipped to use alternative fuels, as well as the use of redundant or standby combustors,

As defined in the MECS, fuel-switching capability does not depend on the relative prices of energy sources. 11
depends only on the characteristics of the equipment and practical limitations to fuel-switching such as binding
take-or-pay contracts with energy suppliers that were in place, and environmental regulations that limit the
amounts of potential replacement energy sources that could have been consumed.®

$Appendix E contains descriptions of the 30 strata included in the MECS.
See Appendix B for more information on the quality of the estimates.
8See Appendix A for a complete description of the concept of fuel-switching capability used in the MECS.
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Fuel-switching capability was determined for six
major energy sources: electricity receipts,” natural
gas, distillate fuel oil, residual fuel oil, liquefied
petroleum gases (LPG), and coal and coke com-
bined. For each of these energy sources, switching
capability was measured relative to the estimates of
the total 1988 inputs of that energy source for heat,
power, and the generation of electricity.” For each
input energy source, respondents were asked to
estimate how much of the quantity consumed could
not have been replaced by any other energy source in
1988, even given a severe curtailment of that energy
source.  The difference between the quantity
consumed and the quantity nonswitchable represents
the quantity of each energy source that could have
been replaced by at least one other energy source.
Respondents were then asked to estimate how much
of the total replaceable quantity of a given energy
source could have been replaced by specific alterna-
tive energy soutces.

Measures of Fuel-Switching
Capability

Manufacturers’ capability to replace one energy
source by alternative energy sources permits flexibili-
ty in choosing how much of a given energy source
can be consumed to maintain a given level of
production. The tables in this report are designed
to answer basic questions about the overall capabili-
ties of manufacturers to have switched energy
sources in 1988,

What is the minimum (maximum) consumption of
an energy source that could have resulted from
fuel switching?

Switching Capability

ant consumed 2 million
s during 1988, Of that
feet- were-Consumed in
hich were not switchable
ces-would change the tint
nt, rendering the products
Ig-nataral--gas was con-
was run at 100 percent
'3 percent “of the steam
That boiler could burn
ia] fuel oil-and the switch
“sources could:have taken
herefore, the respondent
.5 million cubic feet of
een replaced by residual

facturing Plant operated
age of 50 percent of its
That boiler ‘provided the
¢ steam requirement of
environmental or other
boiler from running at
ty, the coal-fired boiler
percent of the steam re-
nd ‘the natural gas-fired
duced to two-thirds of its
sand cubic feet of natural
on cubic feet) could have

The consumption of a given energy source can be minimized if all possible switching from that energy source
takes place (including replacing a petroleum-based energy source by another petroleum-based energy source).
In other words, all manufacturers that have the capability to replace the energy source with alternatives must
do so to the maximum possible extent. For the MECS, the minimum required consumption of an energy
source is estimated from the respondent provided value of "quantity nonswitchable.” (See line 2 of section
III of the MECS questionnaire in Appendix D). At the other extreme, there is 2 maximum consumption

The estimate of electricity receipts represents those quantities of electricity that were produced offsite and available onsite for
consumption. The estimate does not include electricity generated onsite nor has it been ad justed to account for any quantities that might

have been resold or transferred to another establishment.

104 comprehensive description of energy consumption in manufacturing needs to reflect two different caoncepts of energy demand.
The MECS’ measure of total inputs for heat, power, and electricity gencration represents an unduplicated "final use" accounting of energy
used for its heat content, and is the appropriate measure on which to base estimates of fuel-switching capability. The other measure of
energy consumption is total primary consumption for all purposes. That measure represents the total requirement for energy sources,
whether or not they are used for their energy content. See Energy Information Administration, Manufacturing Energy Consumption Survey:
Consumption of Energy 1988, Appendix A for more details on the measures of consumption.

Ugee Appendix D for copies of the MECS questionnaires.
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potential for each energy scurce. Maximum consumption potential represents the quantity of a given energy
source that would have been required if all possible switching into that energy source had taken place™. The
difference between the minimura consumption requirements and maximum consumption potential represents
the discretionary range within which actual consumption lies. The estimates of actual consumption,
nonswitchable minimum requirements, and maximum consumption potential are shown in Table 1 of this
report. Those estimates are presented for the total United States and each of the four census regions.”

One of the more interesting swmmary statistics that can be developed from the estimates of minimum required
consumption, actual consumption, and maximum consumption potential is the discretionary use rate. The
discretionary use rate is a measure {in percent) of the extent to which manufacturers elected to consume
discretionary quantities of a given energy source. If manufacturers had chosen to minimize their consumption
of a given energy source by using alternative energy sources whenever possible, the discretionary use rate
would be zero percent. At the other extreme, if manufacturers had chosen to maximize the consumption of
a given energy source using that energy source whenever possible, the discretionary use rate would be 100
percent. The rate is calculated as:

ACT - MIN

USE =
MAX - MIN

]xm@,

where USE is the discretionary use rate of a given energy source, ACT is the actual consumption of that energy
source, MIN is the minimum required consumption, and MAX is the maximum consumption potential. Thus,
the discretionary use rate is a measure of how far (in percent) into the discretionary range of consumption
manufacturers chose to go, given their fuel-switching capabilities and production levels of 1988.

What are the candidate replacemeant energy sources? What are their replacement capabilities?

The basic measure of fuel-switching capability is the ability to switch from: a given energy source to one o1
more alternative energy sources. The capability to switch from each of the six major energy sources to specific
alternative energy sources is presented in Tables 2 through 7. Each of these tables is expressed in the standard
physical units of the designated energy source. For example, Table 2 presents information on the capability
to switch from electricity to alternative energy sources. All of the values in that table are in millions of
kilowatthours (kWh). Therefore, the estimates for specific alternative energy sources reflect the quantity of
the designated energy source that could have been replaced by the specific alternative. Table 2 shows that
electricity receipts by manufacturers were 728,168 million kWh. Of that amount, 11,264 million kWh could
have been replaced by one or more alternative energy sources. Natural gas could have replaced 8,372 million
kWh, distillate fuel oil could have replaced 3,228 million kWh, and so on. Note that the sum (not shown} of
the replacement quantities of alternative energy sources exceeds the total switchable quantity of a given energy
source. In Table 2, for example, the sum of the alternative types of energy is 20,455 million kWh, while the
total switchable quantity of electricity is only 11,264 million kWh. The difference between those two values
is attributable to multiple switching capabilities, that is, more than one energy source could have beern
substituted for electricity. The estimates in Tables 2 through 7 are presented for the 30 industrial categories
defined for the MECS, by census region, and by the value of shipments and employment size classes of the
manufacturing establishments.

The estimates of maximum consumption potential of a given energy source assurne that all ascertained switching into that energy
source could have simultancously taken place. See Appendix A for more details.
BSee Appendix F for a map of the census regions.
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To what extent can petroleum-based enecrgy sources be replaced by nonpetroleurn-based energy Sources?

It is possible to approximate the quantities of distillate fuel oil, residual fuel oil, or LPG that could have been
replaced by nonpetroleum-based energy sources from the data presented in this report. Table 5, for example,
shows that the actual consumption of residual fuel oil in 1988 was 50,413 thousand barrels and that 46,767
thousand barrels were switchable to other energy sources. Natural gas could have replaced 36,611 thousand
barrels. Electricity could have replaced 2,002 thousand barrels; coal and coke, 3,166 thousand barrels; and
"other," 2,354 thousand barrels. The sum of these nonpetroleum-based alternative energy sources is 44,133
thousand barrels. Thus, the consumption of residual fuel oil could have been reduced to 46,280 thousand
barrels (50,413 minus 44,133) by utilizing all possible switching capabilitics to nonpetroleum-based energy
sources. Such estimates are approximations because of possible redundancies in the replacement capabilities
of the nonpetroleum-based alternatives. Such redundancies would tend to overestimaie the amount of a
petroleum-based energy source that could be replaced by nonpetroleum-based energy sources. However, it
would be expected that such redundancies would be relatively small and within sampling error (see below).

How quickly can an input energy source be replaced by alftemative energy sources?

The MECS also collecis data on the minimum lead time required to switch from each of the six input energy
sources. These data break down the 30-day allowable switching period into three shorter periods: less than
1 day, 1 day to 1 week, and more than 1 week but within 30 days. In a few cases, where the minimum lead
time was not reported, the switchable consumption was assigned to the category "lead time not ascertained.”
Table 8 presents estimates of the total switchable quantities of the six major input sources (as reported in
Tables 2 through 7) that could have been replaced within these time periods. For example, of the total
switchable quantity of electricity (11,264 million kWh as reported in Table 2), 6,376 million kWh could have
been replaced in less than one day by one or more alternative energy sources. Tables 9 through 14 present
similar information for specific alternative energy sources. For example, Table 10 shows that of the 8372
million kWh of electricity that could have been replaced by natural gas, 5,336 million kWh could have been
replaced in less than one day. Tables 9 through 14 also provide the time-to-switch estimates by census region.

How much error is associated with the estimates of fuel-switching capability?

The estimates of fuel-switching capability are based on a national probability sample of manufacturing
establishments. While this sample has been scientifically selected to provide reliable estimates, all sample-
based surveys are subject to sampling error.” Tables 15 through 28 present the estimates of the relative
standard errors (RSE) corresponding to the estimates in Tables 1 through 14. A RSE can be used to evaluate
how precisely a given sample statistic estimates the corresponding population value. The larger the RSE, the
less precise the estimate. For example, the sample estimate of the minimum consumption potential of natural
gas for the United States is given as 3,133 billion cubic feet (Bcf) in Table 1. The corresponding RSE from
Table 15 is 3 percent. Similarly, the estimate for the minimum consumption of natural gas in the Northeast
Census Region is 249 Bcf, and the corresponding RSE is 6 percent. Thus, it may be concluded that the
estimate for the Northeast Census Region is relatively less precise than the estimate for the total United
States.

Confidence intervals can also be developed from an estimate and its associated RSE. A confidence interval
is a range of values that has a known probability of containing the true, but unknown population value with
repeated sampling. Prior to forming a confidence interval, the RSE must be converted to a standard error.
The standard error for minimum estimate of natural gas consumption in the United States is 3 percent of
3,313 Bef, or 94 Bef. The estimated value plus and minus two standard errors includes the true population
value for about 95 percent of all samples. The 95 percent confidence interval for the minimum natural gas
consumption is 3,313 plus and minus 188, or 2,945 to 3,321 Bcf.

1See Appendix B for a more detailed discussion of sampling error.
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3. Overview of the Findings

In 1988, manufacturers consumed 15.5 quadrillion British thermal units (Btu) of energy to produce heat and
power and to generate electricity.” Six energy sources provided 69 percent of that energy. The most widely
consumed energy source was hatural gas, which accounted for 34 percent of total input energy requirements.
Electricity provided 16 percent and coal and coke, 13 percent. The major petroleum fuel products com-
bined—residual and distillate fuel oil and liquefied petroleum gases (LPG)—accounted for only 6 percent. The
remaining 31 percent consisted of miscellaneous energy sources including by-product fuels produced onsite
from nonenergy materials. Manufacturers achieved this mix of energy sources by the everyday choices they
made about the fuels-they used. Given a different set of circumstances, manufacturers could have chosen to
switch fuels, and the mix of energy sources could have been entirely different.

The Capability to Switch from Oil

Numerous recent events—the crisis in heating oil markets, the Persian Gulf War, the 1990 amendments to the
Clean Air Act, the 20th anniversary of Earth Day, the development of the National Energy Strategy—have
refocused America’s attention on energy. Questions are being asked about the quantities of energy consumed
by various sectors and how energy conservation measures could help reduce the dependency of those sectors
on petroleum-based energy sources in general, and imported crude oil in particular.

The manufacturing sector consumed an average of 3.7 million barrels of petroleum-based energy products in
1988. If manufacturers had exercised all possible fuel-switching capabilities from petroleum-based energy
sources to nonpetroleum-based alternatives, that level of consumption could have been reduced by only 181
thousand barrels per day, or 5 percent of their total petroleum-based energy products.

Petroleum Products Meet 43 Percent of U.S. Energy Requirements

In 1988, the total petroleum products supplied for domestic use averaged 17.3 million barrels per day
(bbl/d).” Net imports of crude oil and petroleum products amounted to 6.7 million bbl/d, or 38 percent of
the total products supplied. Finished motor gasoline accounted for the largest share of the supplied petroleum
products—7.4 million bbl/d or 42 percent of the total. Distillate fuel oil (including diesel fuel) was second,
with 3.1 million bbl/d (18 percent), followed by LPG, which accounted for 1.7 million bbl/d (10 percent). Jet
fuels accounted for 1.4 million bbl/d (8 percent) and residual fuel oil, 1.4 million bbl/d (8 percent). The
remaining 2.3 million bbl/d (14 percent) consisted of miscellaneous petroleum products such as asphalt and
road oil, lubricants, naphthas, and so on.

In order to compare the consumption of petroleum products (normally measured in 42-gallon barrels) to other
energy sources such as natural gas (normally measured in cubic feet), it is necessary to convert all energy
sources to a common base. British thermal units measure heat content and is one such conversion.” The
total heat content of the petroleum products supplied was 34.2 quadrillion Btu.® Gross energy consumption
in the United States in 1988 was 80.2 quadrillion Btu. Thus, petroleum products provided 43 percent of total
energy needs. Clearly, the United States is an oil-dependent Nation.

DEnergy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, Table 3.

YEnergy Information Administration, Petroleum Supply Annual 1988, DOE/EIA-0340(88)/1 (Washington, DC, May 1989), Table 3.

7 A British thermal unit is the quantity of heat needed to raise the temperature of 1 pound on water by 1 degree Fahrenheit at or near
39.2 degrees Fahrenheit.

18Ent:rgy Information Administration, Monthly Energy Review, DOE/EIA-0035(91/05) (Washington, DC, May 1991), Tables 2.2 through
2.6.
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These petroleum products were consumed primarily by the transportation sector, which includes all public and
private vehicles that move people and commodities. That sector alone accounted for 21.5 quadrillion Btu, or
63 percent of the total consumption of petroleum products. These products consisted primarily of finished
motor gasoline, jet fuel, diesel fuel, and lubricants.

The residential and commercial sector consumed 2.7 quadrillion Btu (8 percent) of petroleum products, and
the electric utility sector, 1.6 quadrillion Btu (5 percent). The major energy sources consumed in these sectors
were residual and distillatc fuel oil. The industrial sector accounted for 8.6 quadrillion Btu or 25 percent.
The industrial sector, as defined by EIA, includes manufacturing, construction, mining, agriculture, fishing, and
forestry establishments.

Manufacturers Can Affect Only the Fringes of U.S.  Figure 1: Consumption of Petroleum-Based

Consumption of Petroleum Froducts Through Energy Sources by Manufacturers, 1988
Fuel Switching e — e
Total 1888 Consumpfion: 3.67 Million Barrels per Day

In 1988, the manufacturing sector consumed an Other Pefroloum—8ases Inputs

average of 3.7 million bbl/d of petroleum products T A M B |

(Figure 1) and accounted for about 20 percent of \\ |

the total petroleum products supplied for domestic patroloum Coke
|

consumption. Of that total consumption, only 181 0:27 Milion Bbl/d j‘
thousand bbl/d could have been replaced by non- ¢
petroleum-based energy sources. These switchable

Residuoi Fuel 0il
0.25 Million Bbl/g

energy sources were distillate and residual fuel oil 0.81 Wil S01/d : o e
and LPG consumed as a fuel. The total consump- A s N Lpe-Fuol
tion of these fuels was 428 thousand bbl/d. e 008 Million 3bi/d

LPG-Feedstock
0.67 Million Bbi/d

The other petroleum products consumed by manu- —
facturers consisted of still gas and petroleum
coke®” consumed as fuels, LPG consumed as a
feedstock, and other petroleum-based energy
sources—principally crude oil-<onsumed to produce final products® In general, these other petroleum
products cannot be replaced by nonpetroleum-based alternatives.”

Source: 1988 Manufacturing Energy Consumption Survey, Energy
Informaticn Admiristration.

Thus, manufacturers are potentially able to reduce the total consumption of petroleum products in the United
states by only 1 percent, and even this would require exercising all possible opportunities to replace petroleum-
based energy sources with nonpetroleum-based alternatives.

still gas—also known as refinery gas—is any mixture of gases produced in refineries by distillation, cracking, reforming, and other
processes. The principal constituents are methane, ethane, ethylene, normal butane, butylene, propane, propylene, etc.

PPetroleum coke is a residue, the final product of the condensation process in cracking at petroleum refineries.

Upetroleum refineries produce numerous final products that are consumed by all sectors of the economy: asphalt, road oil, lubricating
oil, petrochemical feedstocks such as naphtha and other oils, solvents, and waxes. These energy products are not recognized or accounted
for as energy sources by their consumers and would not be reported as such in an energy consumption survey. Accordingly, the petroleun:-
based inputs to produce these producis are shown as being consumed by petroleum refineries in the manufacturing sector. For more
details, see Energy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, Appendix A.

Zgmall quantities of marketable petroleum coke may be switchable to nonpetroleum-based alternatives. In addition, LPG may be
extracted from natural gas or crude oil. For further discussion, see Energy Information Administration, Estimates of Short-Tern Petrolevin

Fuel Switching Capability, DOE/EIA-0526 (Washington, DC, May 1989), pp. 16-17.
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Manufacturers Minimize Consumption of Petroleum Fuel Products

At 428 thousand bbl/d, petroleum fuel products were the least-consumed energy sources by manufacturers.
On an annual basis, that level of consumption is the equivalent of 0.9 quadrillion Btu and represented only
6 percent of manufacturers’ total input energy requirement. Moreover, there was little additional flexibility
in manufacturers’ capability to have substituted alternative energy sources for these petroleum-based fuels.
There was, however, substantial capability to have increased their consumption.

Distillate Fuel Oil. In 1988, manufacturers consumed an average of 101 thousand bbl/d of distillate fuel oil,
which acceunted for 1 percent of total input energy. That consumption could have been increased to 671
thousand bbl/d by exercising all possible switching options from other energy sources to distillate. There was
very little opportunity to decrease the consumption of distillate fuel oil, however. By exercising all possible
options to replace distillate fuel oil by any alternative energy sources (including other petroleum-based fuels),
the consumption could have been reduced to 76 thousand bbl/d. Thus, manufacturers’ discretionary use rate
(see Chapter 2) of distillate was only 4 percent. That extremely low use rate indicates that manufacturers
generally avoided consuming distillate fuel oil whenever possible.

Manufacturers could have reduced the consump-  Figure 2: Alternative Energy Sources for Distillate
tion of distillate fuel oil to an average of 79 thou- Fuel Oll, 1988

sand bbl/d by switching to nonpetroleum-based
encrgy sources only. The principal nonpetroleum-
based alternative energy source for distillate fuel
oil was natural gas, which could have replaced 18
thousand bbl/d (Figure 2). Switching to natural
gas from distillate fuel oil could have been accom-
plished rather quickly. Of the total switchable
quantity of distillate to natural gas, 12 thousand
bbl/d or 65 percent could have been switched in
less than 1 day (Table 10). An additional 4 thou-
sand hbi/d of distillate fuel oil could have been
repl-aced by CIGCtIiCity, coal and C(}kéi, and other Switchabie Noturol Residuoi LPG  Elect. Ccai & O'xer
miscellaneous nonpetroleum-based energy sources. pistiete o1 Gos 00 Coke

Source: Toble 4 of nis report,
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Liquefied Petroleum Gas. Manufacturers’ consumption patterns for LPG as a fuel were similar to the patterns
for distillate fuel oil. LPG consutnption was 80 thousand bbl/d, or 1 percent of manufacturers’ total input
energy. That consumption could have been reduced to 42 thousand bbl/d by switching to any alternative
energy source. The maximum consumption potential was 681 thousand bbl/d. The discretionary use rate for
LPG was only 6 percent. As with distillate fuel oil, manufacturers generally consumed no more LPG as an
input fuel than was necessary.

The minimum required consumption level of LPG  Figure 3: Alternative Energy Sources for Liquefied

could have been reached by switching to non- Petroleum (Gases, 1988

petroleum-based energy sources only. Natural gas,
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A possible explanation for manufacturers’ not Source: Toble 7 of this report

replacing distillate fuel oil and LPG by less expen-
sive natural gas is that either distillate fuel oil or
LPG was the preferred energy source for a variety of technical or logistical reasons.

Residual Fuel Oil. The consumption and fuel-switching patterns of residual fuel oil are somewhat different
from distillate fuel oil and LP'G. Manufacturers consumed an average of 248 thousand bbl/d of residual fael
oil in 1988—the highest rate of consumption of the petroleum fuel products. However, that level of con-
sumption accounted for only 4 percent of total input energy. Manufacturers could have reduced their
consumption of residual fuel to 2 minimum level of 120 thousand bbl/d by exercising all possible options to
consume other petroleum-based and nonpetroleum based alternative energy sources in place of residual oil.
Maximum possible consumption was 726 thousand bbl/d—a level that could have been achieved by exercising
all possible options to consume residual oil in place of other energy sources. The discretionary use rate for
residual fuel oil was 21 percent. Even though that rate was considerably higher than the use rates for distillate
fuel oil and LPG, it was still low enough to indicate a preference for other energy sources over residual fuel
oil.

Manufacturers could have reduced the consump-  Figure 4: Alternative Energy Sources for Residual

tion of residual fuel oil to an average of 127 thou- Fuel Oil, 1988

sand bbl/d by switching to nonpetroleum-based
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which, in 1988, could have replaced 100 thousand
bblid (Figure 4). Sixty-seven percent of that
replacement could have been accomplished in less
than 1 day. An additional 21 thousand bbl/d of
LPG could have been replaced by electricity, coal
and coke, and other miscellaneous nonpetroleum-
based energy sources.
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Switching from residual fuel oil to either distillate ‘ i e ..
fuel oil or LPG is not tiypically economically Rosgua S Tare O PG Cgg K Other  Elect.
feasible because the price of residual oil is substan- Source: Table & of fhis repor-.

tially less than the prices of distillate oil and LPG.
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As a result, switching capability from residual oil to distillate or LPG is not as prevalent. Distillate oil could
have replaced 16.1 million barrels of residual oil, and only 4.3 million barrels or 26 percent could have been
replaced in less than 1 day. LPG could have replaced only 11.2 million barrels of residual oil and 5.0 million
barrels or 45 percent could have been replaced within 1 day.

The Capability to Switch from Natural Gas

Natural Gas: The Fuel of Choice by Manufacturers

In 1988, manufacturers met 34 percent of their total
input energy requirement by consuming 5,141 billion
cubic feet (Bcf) of natural gas (Table 1). Manu-
facturers had limited additional capability to con-
sume natural gas in 1988. By exercising all possible
fuel-switching options from other energy sources to
natural gas, and by holding production constant at
1988 levels, consumption could have been increased
to no more than 5,840 Bcf, an increase of 14 per-
cent. Manufacturers could have decreased natural
gas consumption by 39 percent to 3,133 Bcef and
maintained their 1988 level of production by exercis-
ing all possible options to consume alternative

energy sources in place of natural gas. Thus, manu-

facturers’ discretionary range of natural gas con-

sumption was 2,707 Bcf, and their use rate within that range was 74 percent. In other words, manufacturers
chose to consume 74 percent of their discretionary range of natural gas over and above the minimum required
consumption. That relatively high use rate is an indication of manufacturers’ preference for natural gas over
other energy sources.

Petroleum Products Are Primary Alternatives For  Figure 5: Alternative Energy Sources for Natural
Natural Gas (Gas, 1988
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natural gas are distillate and residuai fuel oil and
LPG (Figure 5). Individually, none of these energy o004
sources could have decreased the consumption of
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natural gas to its minimum required level of 3,133 1800 That Coula Be Replaces By
Bef. Distillate fuel oil could have replaced 888 . ‘itemotive Energy Sources
Bef. Of that quantity, 353 Bef or 40 percent could 1000 DR R
have been replaced in less than 1 day (Table 11). g 879
If manufacturers had chosen to consume the maxi- 500 :

mum amount of distillate fuel oil in place of ’ D0 gy

natural gas, they would have had to increase their e b o LR

Natural Gas Cit Coke

distillate consumption from 101 to 532 thousand
bbl/d. There was, however, no price incentive to Source: Table 3 of tnis report.

replace natural gas with distillate fuel oil, even

though that capability existed in 1988. Nationally,

the price of natural gas was $2.52 per million Btu, while the price of distillate fuel oil was $4.66 per million
Btu.”? The price of distillate fuel was uniformly higher than the price of natural gas in the four census re-
gions.

23Energy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, Table 30.
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A similar situation existed for consuming LPG in place of natural gas. LPG could have replaced 670 Bcf of
natural gas in 1988, of which 296 Bcf or 44 percent could have been replaced in less than 1 day (Table 14).
The maximum replacement of natural gas by LPG would have required manufacturers to have increased theit
1988 LPG consumption from 80 thousand bbl/d to 606 thousand bbl/d. The average price of LPG in 1988 was
$5.27 per million Btu. Again, there was no price incentive to replace natural gas with LPG.

Manufacturers Chose Natural GGas Over Residual Fuel Oil Despite Favorable Price Incentives

The decision not to replace natural gas by residual fuel oil is less clear. In 1988, 129.0 million barrels (an
average of 353 thousand bbl/d) of residual fuel oil could have replaced 786 Bcef of natural gas—43 percent of
that replacement could have been accomplished within 1 day (Table 12). Maximally replacing natural gas by
residual fuel oil would have required manufacturers to have increased their consumption of residual from 248
thousand bbl/d to 602 thousand bbl/d. Nationally, the price of residual fuel oil was $2.50 per million Btu, arn
estimated value that is not significantly different from the price of natural gas. Thus, nationally, there was
little price incentive in favor of one energy source or the other. There were, however, wide geographic
differences in the prices of these two energy sources, which add an interesting dimension to the decision not
to switch from natural gas to residual fuel oil.

In the Northeast Census Region, the reported price of natural gas was $3.31 per million Btu, while the price
of residual fuel oil was $2.66, yielding a gas-oil price ratio of 1.24. In the Midwest Census Region, the prices
of natural gas and residual fuel oil were $2.89 and $2.45, respectively, with a price ratio of 1.18. The West
Census Region presented a similar situation—the price of residual fuel oil was $2.42 per million Btu, and
natural gas, $2.82, with a price ratio of 1.17. Only in the South Census Region were the prices of these two
energy sources reversed. Residual fuel oil was $2.37 per million Btu, and natural gas was $2.17, yielding o
price ratio of 0.92.* In the South Census Region, there was no price incentive to switch from natural gas
to residual fuel oil. In the other three census regions, however, it would appear that the price incentive to
switch was quite strong. According to the MECS, however, these three regions consumed 1,109 Bef of natural
gas, of which 451 Bcf could have been replaced by less expensive residual fuel oil in 1988.

The decision to switch energy sources is a complex issue and does not depend on price ratios alone. In the
case of natural gas and residual fuel oil, for example, there is no commonly accepted price differential that will
trigger a switch from one to the other. Data collected by the American Gas Association for the period 198(
through 1986 indicate that approximately 40 percent of the survey respondents switched from natural gas 1
residual fuel oil at gas-oil price ratios of 1.05 or less and 60 percent switched at 1.10 or less. The remaining
40 percent switched at ratios as high as 1.25% As pointed out by the Electric Power Research Institute
(EPRI):

... for industrials, fuel is rarely a large share of their variable costs.... As a resuit, some industrials
.. place a higher value on reliability of supplies, contractnal relationships and operational
considerations. [Thus,] ... a higher price differential may be required for many industrials before
they will actually switch 1o alternative fuels.”

In addition, manufacturers frequently benefit from flexible pricing of natural gas. According to the EPRI:

2The primary reason for the geographic variability in the prices of residual fuel oil and natural gas is the cost of transporting these
energy sources to consumers. In the case of natural gas, prices reflect the cost of transportation from the wellhead to the consumer.
During 1988, Texas and Louisiana produced 11.5 trillion cubic feet of natural gas, 64 percent of the Nation's total marketable production.
The higher costs in areas outside of the south reflect the costs of pipeline transportation. See Energy Information Administration, Nasiral
Gas Annual 1988, DOE/EIA-0131(88)/1 (Washington, DC, October 25, 1989). The prices of residual fuel oil are also influenced by the
cost of transportation. In general, the prices of fuel oils vary little in locations reachable by water transportation. However, transportaticn
by truck or rail is more expensive than water transportation, and where these transportation modes are used, delivered oil prices arg
considerably higher. See Electric Power Research Institute, Fuel Switching and Gas Market Risks, Volume 1, EPRI P-6822 (Palo Alto, C4,
July 1990), p. 2-19.

BCited in Electric Power Rescarch Institute, Fuel Switching and Gas Market Risks, Volume 1, p. 2-19.

ZElectric Power Research Institute, Fuel Switching and Gas Market Risks, Volume 1, p. 4-13.
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As a result of the incremental pricing provisions in the early 1980s, many [natural gas local
distribution companies] adopted flexible rates for industrial customers. Those flexible rates for
some have become such a normal practice that an industrial firm will often receive a reduction in
gas rates without actually having to switch to the alternative fuel..?

Therefore, ratios based on the average prices of natural gas and another energy source may not accurately
reflect the flexible pricing available to an individual consumer.
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At least two other considerations enter into the decision 1o switch from natural gas to
even though the price of residual oil is less than the price of natural gas in m
consuming residual oil may be more expensive than consuming natural gas. One char
viscosity—the extent to which a liquid resists flowing, Residual fu ]
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preheated for satisfactory use. Such preheating, of course, increases the cost of cons
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Coal and Electricity as Replacements for Natural Gas

Manufacturers could have replaced small quantities of natural gas with coal and coke and electricity in 1988.
Coal and coke could have replaced 108 Bef and electricity, 87 Bef, The natural gas-co i
In view of that favorable ratio, it is possible that manufacturers did not switch from
reasons similar to those underlying their reluctance to switch from natural gas to res
gas-electricity price ratio, on the other hand, was 0.19, indicating that manufacture:
switch to electricity except in emergency situations.

The Capability tc Switch from Electric

Minimal Switching Capability Exists for Electricity

Electricity was the second most popular energy
source consumed by manufacturers in 1988, Total
receipts were 728.2 billion kilowatthours (kWh),
which accounted for 16 percent of manufacturers’
total input energy requirement.

As might be expected, the switching potential for
electricity is quite limited because most equipment
is not designed to consume either electricity or a
combustible energy source. Most of the capability
to replace electricity by combustible energy sources
is in the form of redundant combustors that can be
used in place of electricity-powered equivalents. Of
the total receipts of electricity, only 11.3 billion
kWh could have been replaced by aliernative energy sources.

In 1988, the maximum consumption potential for electricity was 771.4 billion kWh, and the minimum required
consumption was 716.9 billion kWh. The discretionary range for clectricity receipts was, therefore, 54.5 billion
kWh and the use rate within that range was 21 percent. The low usc rate indicates a preference for other
energy sources rather than electricity when such options are available. The dominant si ngle replacement
energy source for electricity was natural gas, which could have replaced 8.4 billion kWh (Figure 6). In
addition, residual fuel oil could have replaced 4.6 billion kWh; distillate fuel oil, 3.2 billion kWh; or LPG, 2.4
billion kWh. Finally, coal and coke could have replaced 1.2 billion kWh of electricity.

YTBjectric Power Reseatch Institute, Fuel Switching and Gas Market Risks, Vohume 1, p. 4-13.
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Any one of these alternative energy sources is substan-
tially less expensive than electricity. The electricity-
natural gas price ratio, for example, was 5.33 in 1988,
The question is, Why did manufacturers not switch to
one or more of those less expensive energy sources?
First, the quantities of electricity that could have been
saved by switching to an alternative fuel were quite
small. For a single manufacturing establishment, the
savings would be minimal. Second, for certain applica-
tions, electricity may have been the preferred energy
source, in spite of its higher price.

Coal and Coke Ranks Highest in Discretionary Use

The 1988 consumption of coal and coke by manu-
facturers was 90.0 million short tons (2.0 quadrillion
Btu), and accounted for 13 percent of manufacturers’
demand for input energy.

Manufacturers were quite limited in their ability to
have consumed additional coal and coke during 1988.
They could have increased consumption to only 96.2
million short tons—an increase of 7 percent—by imple-
menting all possible switching opportunities from other
energy sources to coal and coke. On the other hand,
the minimum required consumption of coal and coke
was 64.2 million short tons. Thus, the discretionary
range for coal and coke was 32.0 million short tons,
and manufacturers’ use rate within that range was 80
percent. A use rate of that level indicates manufac-
turers’ strong preference for coal and coke over other
energy sources where possible.

The primary replacement energy sources for coal and
coke were natural gas and residual and distillate fuel
oil. Natural gas could have replaced 16.8 million short
tons of coal and coke, of which 8.7 million short tons
(52 percent) of that replacement could have been
accomplished in less than 1 day (Table 10). Residual
fuel oil could have replaced 10.9 million short tons, of
which 4.5 million short tons (41 percent) could have
been switched in less than 1 day (Table 12). Distillate
fuel oil could have replaced 7.8 million short tons.
Only 2.7 thousand short tons (35 percent) could have
been switched in less than 1 day (Table 11).

There was no price incentive to consume these alterna-
tive energy sources in place of coal and coke because
the prices of the alternative energy sources were
substantially higher than coal. For example, the price
of coal was $1.72 per million Btu, while the price of
natural gas—the nearest competitor in terms of
price—was $2.52, resulting in a coal-natural gas price
ratio of 0.68.

Figure 6: Alternative Energy Sources for
Eleciricity, 1988
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Coal and Coke At A Glance
Actual Consumption® .. .........:. 90.0
Percent of Input Energy Demand . . .. 13%
Switchable Consumption® ... .. ... .. 258
Minimum Required Consumption* . ... 64.2
Maximum Possible Consumption* . ... 962
Discretionary Use Rate ... ... ..., 80%

Average Price per Million Btu . . ..... $1.72
* Million short tons |

Source: Energy Informatien Administration

Figure 7: Alternative Energy Sources for Coal

and Coke, 1988
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Table 1.  Nonswitchable Minimum Requirements and Maximum Consumption Potential by Census Region, 1988
{Physical Units)

Type of Energy Actuat Minimum Maximum
Consumption Consumption® Consumption

Total United States

Electricity Receipts® (million kitowatthours) ...................... 728,168 716,805 771,426
Natural Gas (billioncubicfeet) .. ....... ... .. ... ... ... ... ... 5,141 3,133 5,840
Distillate Fue! Oil (thousand barrels) . .. ...... ... ... ... ........ 36,766 27,712 244 855
Residual Fuel Oil {(thousand barsels) . . ........ ... .............. 90,413 43,647 265,080
Coal and Coke (thousand shorttons) .......................... 89,968 64,179 96,225
LPG (milliongallons) ........ . .. . . 1,226 646 10,441

Northeast Census Region

Electricity Receipts® (million kilowatthours) .. .................... 89 264 97,971 105,677
Natural Gas (billion cubic feet) .. .......... . ... ... ... ... .. ... 490 249 581
Distillate Fuel Oil (thousand barrels} .. ......................... 11,906 8,966 40,022
Residual Fuel Qil (thousand barrels) . . ......................... 35,685 21,717 59,836
Coal and Coke (thousand sharttons} .. ........................ 8,471 6,451 8,841
LPG{(milliongallons) .......... ... .. i w 123 1,139

Midwest Census Region

Electricity Receipts® (million kilowatthours) ...................... 211,658 208,077 220,591
Natural Gas (billioncubicfeet) ........... .. ... ... ... ........ 1,389 803 1,634
Distillate Fuel Qil {thousand barrels) .. ......................... 7,163 5,382 67,244
Residual Fuel Oil {thousand barrels) . . ......................... 15,924 4,701 62,039
Coal and Coke (thousand shorttons) ........... ... ... ........ 44,804 35,705 47,323
LPG {milliongalions) .. ... ... . W 161 3,139

South Census Region

Electricity Receipts® (million kilowatthoursy .. .................... 286,328 291,514 317,650
Natural Gas (billion cubicfeet) .. ......... ... ... ... .. ...... 2,724 1,825 2970
Distillate Fuel Ol {thousand barrels) .. ................ . ........ 12,408 9,234 99,255
Residual Fuel Oil (thousand barrels) . . ............... ... ....... 28,484 14,059 108,018
Coal and Coke (thousand shorttons) .......................... W 19,798 34,180
LPG (milliongallons) .. ....... .. .. ... ... .. ... 291 197 4,481

West Census Region

Electricity Receipts® (million kilowatthours) ...................... 120,918 119,344 127,508
Natural Gas (billion cubicfeat) .. ... ... ... .. ... ... .. . ... ... 538 256 655
Distillate Fuel Qil (thousand barrels) .. .. ..... ... ... .. ... ..... 5,289 4,130 38,334
Residual Fuel Oif (thousand barrels) . . ........... ... ... ....... 10,350 3,170 35,188
Coal and Coke (thousand shorttons) ............... .. ... ...... W 2225 5,881
LPG (milliongallons) . .......... ... ... ... ... 432 166 1,682

@ Minimum consumption represents actual 1988 consumption decreased by the quantity of the designated type of energy that would no longer have been required if
alf ascertained switching from that type of energy had occurred. The minimum value includes the quantity of 1988 consumption for which switching capability was not
ascertained.

Maximum consumption represents actual 1988 consumption increased by the quantity of the designated type of energy that would have been required if all
ascertained switching into that type of energy had occurred. This value assumes that all indicated substitutions were possible simultaneously and the substitutable
amount consists of the sum of all possible switches to the designated type of energy. The estimate assumes that 1988 output remained constant.

© *Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Consumption Survey."
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Table 2. Capability to Switch from Electricity to Alternative Energy Sources, 1988
(Million Kilowatthours)

Electricity Receipts Alternative Types of Energy?
) Total Not Natural | Distillate | Residual | Coal and
Selected Characteristics Receipts® | Switchable | Switchable Gas Fuel Qil | Fuel Oil Coke LPG Thhg©
SiC Industry Groups
Code®  and Industry
20 Food and Kindred Products . ........... 51,690 1,286 47,737 634 682 267 69 [} 42
21 Tobacco Products . .................. 1,454 W w 8} 0 0 w 0 d
22 Textile Mill Products .. ............... 29,684 Q9 28,150 (@] 50 a W [v] Q
23 Apparel and Other Textile Products .. .. .. 6,664 Q 5,823 Q 4] 0 0 Q ]
24 Lumber and Wood Products . .......... 19,953 Q 18,940 G Q Q 0 0 ]
25 Furniture and Fixtures .. .............. 5,687 100 5,351 o 0 Q 56 38 Q
26 Paper and Allied Products . ............ 61,015 1,251 58,448 940 198 412 387 0 jaid]
2621 PaperMills .. .. ... ... ... . ... 31,184 638 30,319 487 w w w ¥ ki)
2631  PaperboardMills . .. .............. .. 13,486 377 13,038 308 37 237 167 4] W
27 Printing and Publishing . .............. 17,066 Q 15,182 Q G 0 Q 0 0
28 Chemicals and Allied Products . ... ...... 129,927 1,485 127,351 1,028 368 303 332 Q A
2819  Industrial Inorganic Chemicals, nec . . . .. 27,676 W 27,473 w o] w 4] o} i}
2821  Plastics Materials and Resins . ... ... .. 13,258 80 13,003 i w w W A ]
2869  Industrial Organic Chemicals, nec ... ... 19,452 644 18,755 471 201 98 a1 [} 31
2873  Nitrogenous Fertifizers . ... .......... 2,358 61 2,761 W w 0 W [} 0
29 Petroleum and Coal Products .. ........ 34,172 1,943 31,320 1,659 602 -~ 702 102 1,035 ;2
2911 Petroleum Refining . . ............... 32,243 1,867 29,582 1,614 548 684 w WA “79
30 Rubber and Misc. Plastics Products .. .. .. 31,308 52 29,207 37 24 13 4] 28 {1
31 Leather and Leather Products . ......... 1,390 52 1,150 Q w * 0 Q G
32 Stone, Clay and Glass Products . ....... 34,017 346 32,231 235 220 72 54 130 73
3241 Cement, Hydraulic ................. 9,861 W 9,673 w w 0 0 W ]
33 Primary Metal Industries .............. 150,834 2,691 145,189 2,627 98 2,421 Q W v
3312  Blast Furnaces and Steef Mills . .. .. .. .. 42,328 2,508 38,846 2,504 W 2,421 0 W ]
3334  Primary Aluminum ... ........ ... .. 65,973 0 65,973 1} 0 0 0 0 0
34 Fabricated Metal Products ... ........ .. 31,051 356 27,928 Q 129 Q 0 e} .
35 industrial Machinery and Equipment . . . . .. 33,894 238 31,013 104 122 Q G G o]
36 Electronic and Other Electric Equipment . . . 31,878 420 29,251 359 381 Q Q Q W
37 Transportation Equipment . .. ........ .. 37,965 168 36,227 32 130 w 0 2 VY
38 instruments and Related Products ... .. .. 14,339 328 13,179 2 Q 161 w G o]
38 Misc. Manufacturing Industries ... . ...... 4,183 Q w Q Q Q Q Q 0
Total .............. . ... ... . ... 728,168 11,264 688,928 8,372 3,228 4,619 1,198 2058 G283
Census Region
Northeast . .............. ... ... ... . .... 99,264 1,293 92 562 765 349 763 87 &OC 8
Midwest . . ... ... ... 211,658 3,582 199,918 2,868 941 1,820 318 583 115
South . ... e 236,328 4,814 282,487 3,703 1,213 1,446 701 636 g
West ... 120,918 1,575 113,971 1,037 724 590 92 536 160
Total ........... . . ... ... 728,168 11,264 688,928 8,372 3,228 4,619 1,198 2,355 563
Value of Shipments® (million dollars)
Under20 ... ... 125,210 1,107 113,079 B854 447 282 207 a7e Q
20-48 L .. 112,267 1,447 104,879 967 478 187 Q S08 48
B0-88 ... 90,820 648 85,623 218 400 113 40 49 0
100-249 . ... 131,225 1,279 126,554 861 386 196 143 187 4
250-499 . ... 134,208 1,822 130,978 1,460 390 950 439 A34 0
B00and Over .. ... ... 134,438 4,961 127,816 4,212 1,127 2,920 327 1,288 303
Total .. ... 728,168 11,264 688,928 8,372 3,228 4,618 1,198 2,358 B3
Employment Size®
Under80 ... ... .. ... . 53,105 474 48,046 236 333 139 140 147 G
50-99 ... .. 46,338 610 42,165 349 171 Q 14 87 Q
100-249 .. ... 126,161 1,852 116,684 1,103 €637 221 136 431 43
250-489 . ... e 124,309 1,287 118,818 989 573 392 111 397 39
500-980 ... ... 165,974 2,184 159,222 1,673 306 656 167 207 223
1,000and Over ... .o 212,283 4,877 203,993 3,963 1,208 3,066 529 1,087 121
Total ........ ... . 728,168 11,264 688,928 8,372 3,228 4,619 1,188 2385 383

& "Alternative types of energy” consist of those that could have been substituted for electricity receipts during 1988, The quantities are expressed in millior
kilowatthours and, therefore, represent the quantity of eleciricity that could have been displaced by the given alternative type of energy.

5 “Total Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It ircludes
those quantities for which payment was made, quantities transferred in, quantifies purchased and paid for by a central purchasing entity, and quantities Jor w *ih
payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities that myit fiave
been resold or rransferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for whic the
switching status was not ascertained.

¢ “Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of electricity.

9 See Appendices A and E for descriptions of the Standard Industrial Classification system.

® Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.

*=Estimate less than 0.5 rounded to zera.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Stancard Error is greater than 50 percent. Data are included in higher leve! fotals.

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Enarygy
Consumption Survey."
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Table 3. Capability to Switch from Natural Gas to Alternative Energy Sources, 1988
{Billion Cubic Feet)

Natural Gas Alternative Types of Energy®
Total Not Electricity | Distillate | Residual | Coal and
Selected Characteristics Consumed® | Switchable | Switchable | Receipts®| Fuel Ol | Fuel Gil Coke LPG Other?
SIC industry Groups
Code® and Industry
20 Food and Kindred Products ............ 473 266 187 9 143 122 9 67 2
21 Tobacco Products ... ................ 2 2 1 o] 1 1 * * 0
22 Textile Mill Products ................. 20 66 20 1 25 36 3 22 1
23 Apparel and Other Textile Products ... ... 21 5 14 Q 2 1 ‘ 2 0
24 Lumber and Wood Products . .......... 34 9 22 1 2 2 * 5 1
25 Furniture and Fixtures . ... ............ 22 3] 14 * 2 4 * 4 N
26 Paper and Aflied Products ............. 415 237 172 12 90 151 20 12 3
2621 PaperMills .. ... ... ... .. ... ... 173 86 85 6 36 48 10 4 *
2631  PaperboardMills . . ...... ... ... ... 155 103 52 4 32 77 g 2 2
27 Printing and Publishing ............... 47 16 25 2 7 5 * 9 ¢
28 Chemicals and Allied Products . .. .... ... 1,465 340 1,107 19 165 144 17 83 21
2819 industrial Inorganic Chemicals, nec . .. .. w 47 w 7 37 14 5 8 *
2821  Plastics Materials and Resins ... ...... w 22 W * 8 8 W 7 a
2869  Industrial Organic Chemicals, nec ... ... 587 113 474 7 40 40 6 36 15
2873  Nitrogenous Fertifizers . ............. 168 [ 162 s} 6 w 0 ‘ 0
29 Petroleum and Coal Products . ......... 702 278 420 12 111 93 2 186 18
2911 Petroleum Refining . . ............... 666 258 406 12 S0 86 1 182 17
30 Rubber and Misc. Plastics Products ... ... 107 60 40 2 38 30 2 7 1
31 Leather and Leather Products .......... 5 2 1 * 1 2 ¢ ‘ ¢
32 Stone, Clay and Glass Products ........ 451 247 187 4 126 41 25 107 3
3241  Cement, Hydraulic ................. 29 24 5 Q 4 6 21 1 1
33 Primary Metal Industries .............. 720 264 439 3 81 103 20 76 W
3312  Blast Furnaces and Steef Mills . .. .. .. .. 425 154 269 w 30 a3 19 17 w
3334  Primary Aluminum ... ... ... ... .. 19 11 8 0 [¢] 2 ] 7 0
34 Fabricated Metal Products ... .......... 197 60 120 4 24 i1 2 31 1
35 Industrial Machinery and Equipment . ... .. 123 38 74 5 18 2 18 w
36 Electronic and Other Electric Equipment . . . 82 38 39 2 20 7 1 15 *
37 Transportation Equipment ... .......... 134 53 73 2 10 18 4 21 *
38 Instruments and Related Products . ... ... 31 16 12 Q 11 7 0 3
39 Misc. Manufacturing Industries . . ...... .. 19 6 10 * 4 2 ’ 2 *
Total ....... . ... ... 5,141 2,008 2,878 87 888 786 108 670 59
Census Ragion
Northeast . ... ... ... i 490 241 224 8 111 117 6 60 4
Midwest . . ... e 1,389 £86 748 21 258 221 46 192 11
South ... 2,724 839 1,770 45 380 336 46 327 42
West L. e 538 282 236 13 138 113 11 91 2
Total ... .. 5,141 2,008 2,878 87 888 786 108 670 59
Value of Shipments' (million dolfars)
Under20 ..o 645 206 375 16 103 58 20 78 4
20-48 L L e 652 281 333 10 155 88 14 a3 5
50-99 ... e 605 325 258 10 175 117 12 100 4
100-249 ... e 886 385 488 12 203 150 21 99 8
280-499 ... e 631 295 332 15 88 154 15 77 7
BO0and Over ... . e e 1,722 516 1,193 24 163 220 28 223 31
Total . ... ... . . i 5,141 2,008 2,978 87 888 786 108 670 58
Employment Size'
Under50 . ... . . i 281 84 167 8 55 24 3 31 3
B0-89 .. e 332 120 189 4 67 37 7 39 3
100-249 . .. 868 349 479 12 184 119 28 100 10
250-489 . ... 9208 405 478 14 173 158 19 147 5
BOD-889 . ... e 1,071 468 586 21 215 176 14 170 16
1,000and Over ... . 1,681 581 1,079 28 194 273 37 182 22
Total . ... ... 5,141 2,008 2,978 87 838 788 108 670 59

& "Alternative types of energy” consist of those that could have been substituted for natural gas during 1988. The quantities are expressed in billion cubic feet and,
therefore, represent the quantity of natural gas that could have been displaced by the given alternative type of energy.

Y The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching
status was not ascertained.

© *Electricity Receipts” represents those quantities of electricity generated off the manufaciuring establishment site and available at the site for consumption. [t
includes those quantites for which payment was made, quantities transferred in, quaniities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. it does not include electricity generated onsite. “Electricity Receipts” has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.

9 "Other” includes all other types of energy not already identified that respondents indicated could have been consumed in place of natural gas.

° See Appendices A and E for descriptions of the Standard Industrial Classification system.

f Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.

‘=Estimate less than 0.5 rounded o zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, “1988 Manufacturing Energy
Consumption Survey.”
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Table 4. Capability to Swtich from Distiliate Fuel Oil to Alternative Energy Sources, 1988
{(Thousand Barrels)

Distillate Fuel Oil Alternative Types of Energy®
Total Not Electicity | Natural { Residual | Coal and
Selected Characteristics Consumed® | Switchable | Switchable | Receipts® Gas Fuel Ol Coke LPG
Sic Industry Groups
Code® and Industry
20 Food and Kindred Products . . .......... w 1,211 2,855 Q 1,027 138 Q 243 0
21 Tobacco Products ... ............ . ... 81 30 49 1] 30 Q j 0
22 Textile and Mill Products . ............. 1,144 538 422 G 530 123 16 [ 10
23 Apparel and Other Textile Products . .. ... 397 Q 191 Q Q Q Q ] 0
24 Lumber and Wood Products .. ... ... ... 3,835 345 3,262 [} Q Q Q 9} 5
25 Furniture and Fixtures .. ........... ... 591 Q 431 * 39 Q Q e Q
26 Paper and Allied Products . .. .. ..... ... 2,139 428 1,620 63 260 80 67 i3] W
2621  PaperMills . ... ... ... ... ... 932 234 680 W 101 38 38 bl U
26831  PaperboardMills . . . ........ ... ... .. 458 52 388 3 37 1 w 53 0
27 Printing and Publishing . .............. 384 124 153 Q 97 12 0 o Q
28 Chemicals and Allied Products .. ... ... .. 2,654 1,101 1,362 10 899 276 36 o) 10
2819  Industrial Inorganic Chemicals, nec . .. .. W 65 243 0 56 6 w o 1}
2821  Plastics Materials and Resins .. .. ... .. 248 138 a3 W 133 10 0 3 W
2869  Industrial Organic Chemicals, nec .. .. .. 424 126 266 3 123 45 w 3 W
2873  Nitrogenous Fertilizers .. ............ 24 10 11 0 W * 0 J C
29 Petroleum and Coal Products ....... ... 4,359 1,547 2,615 a3 630 1,075 71 957 157
2911 Petroleum Refining .. ............ ... 1,138 521 613 W 271 213 12 470 v36
30 Rubber and Misc. Plastics Products . .. . .. 785 320 430 Q 229 107 Q [ ‘
31 Leather and Leather Producis .. ........ 169 Q 65 Q Q o] [} [ '
32 Stone, Clay and Glass Products .. ... ... 6,013 1,044 4,309 Q 860 176 160 201 ¢
3241  Cement, Hydraulic .. ....... ... .. .. 892 153 682 0 108 27 w 3 "
33 Primary Metal Industries . ............. 2,547 587 1,768 12 466 Q ¥ ] 36
3312  Blast Furnaces and Steel Milfs . .. . ... .. 1,045 51 978 * 50 0 4] 2 W
3334  Primary Aluminum .. ....... .. ... ... 74 13 60 W 13 0 0 iy ¢
34 Fabricated Metal Products ... .......... 1,202 315 744 Q 232 82 @] 4L G
35 Industrial Machinery and Equipment . . . . .. 1,478 374 934 29 314 70 Q 38 *
36 Electronic and Cther Electric Equioment . . . 917 410 425 Q 3ss 1 4 4 Q
37 Transportation Equipment ... .......... w W 1,680 23 167 65 12 0] W
38 Instruments and Related Products . ... ... 368 133 130 * 132 Q 0 (] W
39 Misc. Manufacturing Industries . ... ... ... 275 73 179 Q 39 54 G e 0
Total ............... . .. ... .. 36,766 9,083 23,624 540 6,475 2,397 480 2,255 522
Census Region
Northeast . ........... .. ... ... ... .. ... . ... 11,8086 2,540 7,745 172 2,256 744 a9 36
Midwest .. ... ... . 7,163 1,780 4,769 141 828 Q 111 40
South . ... . e 12,408 3,174 7,484 167 2,480 720 151 48
West ... 5,289 1,189 3,626 Q 801 202 100 147
Total ... 36,766 9,053 23,624 540 6,475 2,397 460 £22
Value of Shipments' (million dollars)
Under 20 ... ... . 16,147 2,47 11,362 287 1,647 1,188 165 Q
20-48 . .. 6,625 2,416 3,443 119 1,901 386 71 Q
BO-99 ... 4,405 1,174 2,355 11 1,008 205 115 73
100-248 . ... 2,874 732 1,945 48 486 283 37 34
250-499 L e 2,863 827 1,832 40 639 178 59 33
00and Over . ... .. 3,852 991 2,686 34 794 158 12 37
Total ...... ... . ... 36,766 9,053 23,624 540 6,475 2,397 460 422
Employment Size'
Under50 ... ... ... . . . 10,868 1,879 7,796 169 1,054 1,046 119 70 1
BO-99 . ... 4117 1,070 2,630 [#] 718 157 Q s 117
100-248 . ... . . 7,025 1.873 4,182 153 1,414 444 144 2501 79
250-499 . . ... 4,898 1,678 2,723 Q 1,285 273 Q 16 448
800-899 .. ... 4,176 1,369 2,127 62 986 278 15 T4k 41
1,000and Over . ......... . ... .. ... ... . ... 5,681 1,183 4,164 50 1,018 199 93 187 356
Total . ......... .. .. . .. 36,766 9,053 23,624 540 6,475 2,397 460 % 522

3 vAlternative types of energy” consist of those that could have been substituted for distillate fuel oil during 1888. The quantities are expressed in thousart: bais2ls,
and therefore, represent the quantity of distillate fuel oil that could have been displaced by the given alternative type of energy.
® The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which tha s iching
status was not ascertained.
¢ “Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumpiic i It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantiiss or
which payment was made in kind. It does not include electncny generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities ihel might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additionai guantity [ur-acish th
switching status was not ascertained.
“Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of distillate fuel oil.
© See Appendices A and E for descriptions of the Standard Industrial Classification system.
Value of Shipments and Employmert Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note; Totals may not equal sum of compaonents because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing T:ne-gy
Consumption Survey."
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Table 5. Capabliity to Switch
(Thousand B&i’%’%;ﬁ)

O
Total
Selected Characteristics Consumed?® LPG Other?
SiIc Industry Groups
Code® and Industry
20 Food and Kindred Products .. ... ... . ... 139 281 Q
21 Tobacco Products .. ............. . . .. a ¢ 0
22 Textile Mill Preducts ... ... ... . G 339 Q
23 Apparel and Other Textile Products .. .. .. [ Q 0
24 Lumber and Wood Preducts ... ... .. .. Q Q
25 Furniture and Fixtures . ... ... ...... ... Q Q
26 Paper and Allied Products ... .......... 309 217

2621 PaperMills .. ......... ... ... ... .. W W

2631 PaperboardMills .. .. ... ... .. .. .... 235 216
27 Printing and Publishing ............ ... a [}
28 Chemicals and Allied Products .. ... . ... 7

2819 Industrial inorganic Chemicals, nec .. . . .

2821  Plastics Materials and Hesins ... .. .. ..

2869  Industrial Organic Chemicais, nec . ... ..

2873  Nitrogenous Fertilizers .. ... ... ... ...

29 Petroleum and Coal Products ... .. ... ..

2911 Petroleum Refining .. .. ...... ... A 41
30 Rubber and Misc. Plastics ?faducis ...... s}
31 Leather and Leather Products ... .. .. .. 0
32 Stone, Clay and Glass Products .. ... ... 38 &

3241 Cement, Hydraullc ............ .. ... W G
33 Primary Metal Industries .......... .. .. 24 W

3312  Blast Furnaces and Stegl Mills . . .. .. . .. ¢} W

3334 Primary Aluminum .. ... .. ... .. .. ... o} 0
34 Fabricated Metal Products . ... ... .. ... ] W
35 Industrial Machinery and Fquipment ..., .. Q W
36 Electronic and Other Electric Equipment . . . 82 W
37 Transportation Fauipment .. ...... ... .. 63 W
38 Instruments and Related Products ... ., .. Q 0
39 Misc. Manufacturing Industries . ... ... .. 26 0

Total ....... ... 38, 3,188 11,217 2,354
Census Reglon
Northeast . ................. .. ... ....... . 10 215 1,384
Midwest . ... ... .. ... b g28 295
South . ..o hE] 1,532 464
West ... . 5 493 211
Total ........ ... .. 38 3,188 i 2,354
Value of Shipments’ {million dollars)
Under20 ... ... ... .. .. ... .. ....... .. 2 8¢ Q
2049 L 3, 244
BO-89 ... 3 66
100-248 .. 35 261
250-488 ... L 8,581 528
500andOver ............ ... ... 10,663 i 1,088
Total ... 36,61 3 i 2,354
Employment Size'
Under50 .................... ... .. e ¢} 725 Q a
5088 ... 1, G 1,467 (@]
100-248 . ... 8% 178 8,788 2.8 282
280-489 ... 8, 488 7,158 2, 450
500-898 ... .. ... 10,85 221 8,136 z 1,142
1000andOver ... 15 1,069 12,328 i 31 326
Total . ... 48, 2,002 36,671 i1, 2,354
8w

‘Alternative types of energy” consist of those that oot
and, therefore, represent the quantity of residual fus!

The estimates of total consumption include those
status was not ascertained,

° "Electricity Receipts” represents those quaniities 'x el
includes those quantities for which payment was mad
which payment was made in kind. It does not mc.x.u‘s
have been resold or transferred out. The estimates |
swatchmg status was not ascertained.

¢ “Other" includes all other types of energy not al
® See Appendices A and E for descriptions of the ¢
! Value of Shipments and Employment Size were s pp

W=Withheld to avoid disclosing data for individual

Q=Withheld because Relative Standard Error is grea

Note: Totals may not equal sum of componenis be

Source: Energy Information Admmzsirauan Office ¢
Consumption Survey.”
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Table 6. Capability to Switch from Coal and Coke to Alternative Energy Sources, 1988
{Thousand Short Tons)

Coal and Coke Alternative Types of Energy?
Tatal Not Electricity | Natural | Distillate | Residual
Selected Characteristics Consumed® | Switchable | Switchable | Receipts® Gas Fuel Oil | Fuel Qil LPG il
sIC Industry Groups
Code® and Industry
20 Food and Kindred Products ............ w w 4,073 289 1,900 1,232 1,213 100 3
21 Tebacco Producets .. ................. 767 w w Q 3 w 205 0 i
22 Textile Milt Products ................. 1,760 979 781 W 660 454 297 126 1]
23 Apparel and Other Textile Products ... ... 130 31 Q Q a Q Q Q i
24 Lumber and Wood Products . .......... 106 0 106 ] 1] 0 0 0
25 Furniture and Fixtures ... ............. 132 57 50 . 24 16 24 16
26 Paper and Allied Products . . ........... 14,036 7,348 6,617 787 3,708 1,649 4,440 142
2627 PaperMills . ...... ... ... ... ... 8,546 4,299 4,185 601 2,468 1,285 2,093 w
2631 Paperboard Mills . . .......... .. ..... 5,009 2,887 2,113 W 1,188 313 2,246 90 .
27 Printing and Publishing ............... 4] 0 0 [ [¥] 0 0 ] .
28 Chemicals and Allied Products ... ....... 13,269 4,394 8,857 103 2,855 1,417 1,536 293 W
2819 Industrial Inorganic Chemicals, nec .. ... w W 1,019 [ 156 w w 0 &
2821  Plastics Materials and Resins .. ....... 1,366 187 1,179 4 149 w 80 w
2869  Industrial Organic Chemicals, nec ... ... 4,064 1,554 2,510 ') 9,421 589 0 W o
2873  Nitrogenous Fertilizers . ............. 0 0 0 ¢ 0 0 0 0 9
28 Petroleum and Ceal Products . ......... 292 180 112 W 135 175 126 37 o
2911 Petroleurn Refining .. ............... 287 175 112 W W w 126 w i
30 Rupber and Misc. Plastics Products . ... .. 375 166 175 0 156 15 W 0 O
31 Leather and Leather Products .. ........ 61 Q Q Q Q 4] 0 Q [
32 Stone, Clay and Glass Products . ..., ... 13,397 6,035 7,324 w 5,231 2,248 1,911 W
3241 Cement, Hydraulic ................. 10,004 4,910 5,084 W 4,108 1,980 1,708 w
1 Primary Metal Industries .............. 34,189 1,835 32,213 249 1,623 57 434 W :
3312  Blast Furnaces and Steel Mills . . . .. .. .. 31,560 1,674 29,881 W 1,476 14 434 W At
3334  Primary Aluminum . ... . . ... 0 0 a 0 0 0 0 0 J
34 Fabricated Metal Products . ............ 456 102 321 W g9 57 36 0 LA
35 Industrial Machinery and Equipment .. . . .. 825 369 454 &) 338 146 86 54 e
36 Electronic and Other Electric Equipment . . . 333 55 278 0 55 17 18 0 7
37 Transportation Equipment ............. w 389 w w 361 103 30 14 ¥
38 Instruments and Related Products . ... ... 875 643 332 w 0 w \' 0 o}
39 Misc. Manufacturing Industries . . ........ 82 79 3 0 75 0 47 14 o
Total ............ ... .. 89,968 25,789 63,792 1,758 16,847 7,815 10,885 902 RN GRS
Csnsus Region
Northeast . ........... ... ... . ... . .. ... 8,471 2,020 6,435 374 522 567 1,101 53
Midwest . ....... .. 44,804 9,089 35,443 285 7,328 2,547 2,016 347
SO . w w 19,701 826 6,572 3,681 6,496 502
B . e w w 2,212 273 2,425 1,021 1,271 0
Total ... .. .. 89,968 25,788 63,792 1,758 16,847 7,815 10,885 902
Vaiue of Shipmemsf {million dollars)
Under 20 ... ... . e 4,851 1,734 2,976 105 1,542 594 442 128
L 8,647 3,157 5,426 * 2,616 1,284 866 120
o 1 8,889 3,981 4,905 84 3,141 1,625 1,642 Q
100-249 . ... e e 12,647 5,358 7,285 728 3,256 1,535 2,053 185
250-499 L ... 15,031 5,787 9,127 518 2,939 1,310 3,282 36
BOOand Over .. .. 39,902 5,771 34,071 343 3,353 1,567 2,600 400
Total .. ..... ... . . 89,968 25,789 63,792 1,758 16,847 7,815 10,885 802
Ernployment Size'
Under50 ... ... e 668 Q 391 Q ] Q Q Q
B8O .. e 3,593 881 2,658 1] 782 3086 214 W
100-249 . .. e 12,242 4,864 7,265 &2 3,082 2,137 1,633 154
250-499 . ... 10,342 4,745 5,592 467 3,158 1,275 2,342 150
BO0-999 .. ... . e 10,977 5,188 5,754 592 3,116 1,608 1,754 61
1,000and Over . ........... ... i 52,147 9,871 42,131 635 5,579 2,340 4,897 463
Total . ... . 89,968 25,789 63,792 1,758 16,847 7,815 10,885 a2

4 Alternative types of energy” consist of those that could have been substituted for coal and coke during 1988. The quantities are expressed in thousard sheit e
and, therefore, represent the quantity of coal and coke that could have been displaced by the given alternative type of energy.

% The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching
status was not ascertained.

S "Elactricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. |
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities “ur
which payment was made in kind. it does not include electricity generated onsite. "Electricity Receipts" has not been adjusted to account for any guantities that i
have been resold or transferred out. The estimates inciude those quantities that were ascertained switchable or not switchable, plus an additional quantity for which
switching status was not ascertained.

2 "Other” includes all other types of energy not already identified that respondents indicated could have been consumed in place of coal and coke.

® See Appendices A and E for descriptions of the Standard Industrial Classification system.

T value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.

*:Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error greater than 50 percent. Data are included in higher level totals.

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1888 Manufacturing Energy
Consumption Survey.”
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Table 7.  Capabiiity to Switch from LPG to Alternative Energy Sources, 1988
{Million Gallons)

LPG Alternative Types of Energy®
Total Not Electricity | Matural | Distillate | Residual | Coal and
Selected Characteristics Consumed® | Switchable | Switchable | Receipts® | Gas | Fuel Qil | FuelOil | Coke | Other®
siC Industry Groups
Code® and Industry
20 Food and Kindred Products .. .......... W 22 Q ‘ 20 10 * * ¢
21 Tobacco Produets . .................. 1 * 1 0 0 0 0 0 ¢
22 Textle Mill Produets ................. 31 8 22 * 8 * 1 0 *
23 Apparel and Other Textile Products .. .. .. 9 (o] 3 Q Q ¢ o] 0 °
24 Lumber and Wood Products ........... 39 10 24 * 7 7 Q 0 Q
25 Furniture and Fixtures .. .............. 14 2 11 ¢ 2 ¢ ¢ ¢] .
26 Paper and Allied Products . ............ 53 9 38 1 2 [ * * ¢
2621 PaperMills ....... ... ... .. ... ... 23 [ 17 * 4 W 0 0 *
2631  PaperboardMills . .. ............. ... 5 1 3 * 1 o] * 0 *
27 Printing and Publishing ............... 18 Q 13 ¢ Q * 0 0 Q
28 Chemicals and Allied Products . .... ... .. 44 17 23 * 16 1 1 0 1
2819  Industrial Inorganic Chemicals, nec . .. .. 3 1 2 * 1 1 * 0 *
2821  Plastics Materials and Resins ... .. .. .. 13 8 5 * 8 ¢ * 0 *
2869  Industrial Organic Chemicals, nec ... ... 8 4 4 * 4 : * 0 *
2873  Nitrogenous Fertilizers . ............. * 4] ‘ 0 0 0 0 ] a
29 Petroleum and Coal Products . ......... 628 417 202 24 407 100 173 18 28
2911  Petroleum Refining .. ............... 6800 411 181 20 401 W 173 W 28
30 Rubber and Misc. Plastics Products . ... .. W 3 21 * 2 1 “ ] :
3 Leather and Leather Products .......... 1 * 1 ¢ ‘ * 0 0 *
32 Stone, Clay and Glass Products ........ 47 22 20 2 20 3 2 0 1
3241  Cement Hydraulic ................. « * * ¢ * * o} 0 *
33 Primary Metal Industries . ............. 60 24 30 2 22 3 * ¢ 1
3312  Blast Furnaces and Steef Mills . . . .. .. .. 12 w W 0 il N 0 0 ¢
3334  Primary Aluminum . ... ............. 2 * 1 0 * * * 0 0
34 Fabricated Metal Products ............. 49 13 31 2 8 4 . ‘ 2
35 Industrial Machinery and Equipment .. .. .. 32 6 23 ‘ 4 1 * 0 Q
36 Electronic and Other Electric Equipment . . . a3 Q 18 1 Q ¢ ¢ : *
37 Transportation Equipment ............. 24 5 18 ¢ 4 * ¢ * *
38 Instruments and Related Products .. .. ... Q Q i * * Q 0 0 *
38 Misc. Manufacturing Industries . ......... 6 1 3 * ¢ ¢ 0 N ‘
Total ........ ... ... 1,226 580 556 37 539 138 181 18 37
Census Region
Northeast .. ... i i W W 109 6 35 9 1 * 3
Midwest . ... e w W 140 18 165 85 82 W 5
2T 11 291 94 174 4 86 17 5 - k2]
St L e e 432 266 134 9 254 56 93 W 20
Total ... ... e 1,226 580 6556 37 639 138 181 18 37
Value of Shipments' (million dollars)
Under20 ... ... 237 84 145 11 50 1 Q Q 4
20-48 L L e 164 33 115 2 27 13 2 0 1
BO-89 .. . e 115 30 61 2 25 5} 1 ‘ 2
100249 . ... a7 43 38 2 37 17 8 * 2
250-498 ... ... e 146 80 59 2 70 9 48 * 3
500and Over .. ... i e 477 330 137 18 330 76 120 W 25
Total ...... . 1,226 580 556 37 539 138 181 18 37
Employment Size
Under50 .. ... i e 143 23 110 Q 18 10 Q Q 1
BO-80 . e 67 23 34 1 20 3 i “ 2
100-248 . L. 281 152 112 8 133 57 61 * 2
250-480 . ... e e 217 107 84 19 98 42 57 W 5
500-999 . . ... ... e 222 106 87 2 29 23 w * 23
1,000and Over ... .. e 296 170 119 1 169 3 W ¢ 4
Total ........... .o I 1,226 580 556 37 539 138 181 18 37

a "Alternative types of energy” consist of those that could have been substituted for LPG during 1988. The quantities are expressed in million galions and, therefore,
regresent the quantity of LPG that could have been displaced by the given alternative type of energy.
The estimates of total consumption include those quantities that were ascertained swilchable or not switchable, plus an additional quantity for which the switching
status was not ascertained.
© "Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include electricity generated onsite. “Electricity Receipts® has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascartained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.
“Other” includes all other types of energy not already identified that respondents indicated could have been consumed in place of LPG.
© See Appendices A and E for descriptions of the Standard Industrial Classification system.
fvalue of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
*=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishmenis. Data are included in higher leve! totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Consumption Survey.”
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Table 8.  Capability to Switch from Designated Types of Energy by Census Region and Minimum [.eadtirm:
Switch, 1988
{Physical Units)

Cuantity Switchable®

Census Region

Type of Energy and Total
Minimum Leadtime 1o Switch® United States Northeast Midwest South Wes:

Electricity Recelpts® (million kilowatthours)

Lessthanoneday .......... ... . . . .. . .. 6,376 774 2,080 2,813 708
One day throughoneweek .. ... .. ... .. ... . ... .. ... ... 1,879 85 531 858 408
More than one week but within 30days . ... .................. ... 2,894 422 910 1,108 45
Leadtirne not ascerfained .. ... ... .. ... ... ... . 114 Q 60 34 v
Total . e 11,264 1,293 3,582 4,814 1,575

Netural Gas (billion cubic feet)

Lessthanoneday . ....... ... ... . i 945 131 256 413 T
One day throughoneweek . ........ ... .. ... ... ... .. ... ... 564 63 144 280 67
More than one week but within 30days .. ......... .. ............ 407 33 159 160 54
Leadtime not ascertained .. ... ... ... ... L L 91 14 27 36 g
TOtal . 2,008 241 586 839 28%

Distillate Fuel Ol (thousand barrels)

Lessthanoneday ......... .. ... .. 4,871 1,471 635 1,916 D4
Cne day throughoneweek .. .................. ... ... ... ..... 1,313 479 147 542 144
More than one week but within 30 days ... ...... ... ............ 2,559 802 053 654 50
Leadtime notascertained . ... . ... . ... . ... 211 88 48 862 6
0 9,053 2,940 1,780 3174 1,156

Residual Fuel Oil (thousand barrels)

Lessthanoneday ....... ... . . . . .. . . . .. 28,669 8,274 6,941 9,649 3,804
One day throughoneweek .. ...... ... ... .. .. . ... ... .. ... . 12,519 3.852 3,608 2,608 245"
More than one week but within 30days .. ......... ... ... ... ... 5,193 1.681 640 1,951 ¢
Leadtime notascertained ... ... ... .. ... ... ... 386 162 33 Q
Total 46,767 13,868 11,223 14,395 7481

Coal and Coke (thousand short tons)

Lessthanoneday ........ ... ... ... . .. .. .. i 13,938 1.033 5,257 5,799 1,844
One day throughoneweek .. ....... ... ... ... ... ... ... ....... 8,235 910 2,819 3,945 360
More than ane week but within 30 days ........... ... ... ... ... 3,475 73 976 W W
Leadlime notascertained .. ....... . ... . ... . ... ... 142 Q 486 91 (i
Total e 25,789 2,020 9,099 w WA

LPG (million gallons)

Lessthanoneday ... ...... ... .. ... ..o it 390 14 140 49 187
One day throughoneweek .. ....... ... ... .. ... ....... .. ..... 36 W W 24
More than one week butwithin 30 days . ................. ... ... 88 17 16 Q

Leadtime notascertained .. ....... ... .. .. . ... .. .. . 6 1 1 2 iz
Total .. 580 W W 94 269

@ A specific type of energy may be switchable if the combustors had the necessary machinery or equipment in place so that the substitution could have been
introduced within 30 days, while holding output constant, and without extensive modifications to the combuster. See Appendix A for more details. The estimates of
quantities switchable represent the total consumption during 1988 that could have been replaced by an alternative fuel within the standard leadtime. These arouw:it
also be interpreted as the amount of 1988 consumption that could have been avoided if all possible switching within the leadtime had taken place.

B "Time to switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

¢ "Electricity Receipts” represents those quantities o elactricity generated off the manufacturing establishment site and available at the site for consumption. |t
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities fur
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities that
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or nol switchable, plus an additional quantity ‘or whic
switching status was not ascertained.

W= Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

C:==Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Cansumption Survey."

25 Energy Information Administration/Manufacturing Fuel-Swiiching apablility 1988



Tabie 9. Minimum Leadtime Required to Switch to Electricity from Varlous Energy Sources Consumed in 1988,
by Census Region
{Physical Units)

Census Region

Type of Energy and
Minimurn Leadtime to Switch? Total United
States Northeast Midwest South West

From Natural Gas (billion cubic feet)

Lessthanoneday .......... ... .. .. . .. . i 41 2 5 27 7

One day throughoneweek .. .......... ... ... ... .. ... ...... 18 1 4 10 3

More than one week but within 30 days .. ........... ... ....... 25 4 12 8 1

Leadtime notascertained ............. ... ... .. ... . 4 Q 1 Q Q

Total .. 87 8 21 45 13
From Distillate Fuel Oit {thousand barrels)

lessthanoneday ........... ... ... .. . i 182 28 63 28 Q

One day throughoneweek . ............ .. .. ...... oo Q Q Q 2 0

More than one week but within 30 days . ....................... 313 118 Q 135 0

Leadlime notascertained ........... ... ... .. ... .. .. .. ... 21 Q 1 * 0

Total .. .. 540 172 141 167 Q
From Residual Fuel Qil {thousand barrels)

Lessthanoneday .......... ... o i 1,467 A W 772 293

One day throughoneweek .. .................... ... ........ 277 163 Q 54 58

More than one week but within30days ........................ 249 Q Q 184 0

Leadiime notascertained ............. .. . . .. .. ... . .. 9 1 0 8 0

Total . 2,002 577 56 1,018 351
From Coal and Coke (thousand short tons)

Lessthanoneday ............. ... ... i 1,337 240 Q W w

One day throughoneweek .. ......... ... ... ... ... .. ........ 402 130 20 W W

More than one week but within 30 days .. ...................... 18 4 12 Q 0

Leadtime notascertained ............ .. .. ... ... ... . . ... 0 0 0 0 0

Total ... 1,758 374 285 826 273
From LPG (million gallons)

Lessthanoneday ............. ... ... .. ... ... . . . 19 " W w W

One day throughoneweek .. ............ ... ... ... ......... Q * Q * W

More than one week but within 30 days .. ......... ... .. .. ... ... 10 Q 3 W 1

Leadtime notascerfained .. ............ .. . ... .. .. . . ... 1 * Q * *

Total 37 <] 18 4 9

2 'Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

‘=Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are intluded in higher level totals,

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1888 Manufaciuring Energy
Consumption Survey.”
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Table 10. Minimum Leadtime Re¢juired to Switch to Natural Gas from Varlous Energy Sources Consumeg! i
1988, by Census Region
(Physical Units)

Census Region

Type of Energy and
Minimum Leadtime to Switch® Total United
States Northeast Midwest South West

From Electricity F!ec:eiptsb (miflion kilowatthours)

Lessthanconeday ............ ... .. .. .. . . . .., 5,336 W 1,903 2,553 A
One day throughoneweek .. ....... ... ... ... .............. 1,100 W 309 444 Ly
More than one week but within30days .. ...................... 1,908 369 645 693 2401
Leadtime not ascertained ............ .. ... . ... .. ... ... ... 29 Q Q 13 2
Total ... e 8,372 765 2,868 3,703 iRy
From Distillate Fuel Oll (thousand barrels)
Lessthanoneday ............. ... ... .. . ... . i 4,207 1,280 500 1,723 704
One day throughoneweek .. ......... .. ... ... .. ... ... ..... 1,057 432 127 472 5
More than one week butwithin 30days .. ............. .. ....... 996 454 Q 227 ]
Leadtime notascertained .. ....... . ... ... ... ... ... 215 a0 42 67 ]
Total ... e 6,475 2,256 928 2,490 B
From Residual Fuel Oll (thousand barrels)
lessthanoneday ............. ... ... .. ... .. i 24,480 6,765 6,155 8,273
Onedaythroughoneweek .. ........... ... ... ...... .. ....... 8,932 2,239 2,780 1,960
More than one week but within 30days .. ..... ... .. ... ... .... 2,799 899 455 942
Leadtime notascertained ............. ... ... ... ... ... ... 390 146 20 Q
Total . 36,611 10,049 9,410 11,357
From Coal and Coke (thousand short tons)
Lessthanoneday ........... ... ... . . ... ... . i, 8,866 318 3,842 3,080 1 a8
One day throughoneweek ................ .. .. .. ... .. ...... 5,064 W 2,558 2,090 Wi
More than one week but within 30days .. ...................... 2,763 Q 876 1,303 i
Leadlime notascertained . ......... .. ... . ... . i 155 Q 52 28 3
Total ... 16,847 522 7,328 6,572 @408
From LPG (million gallons)
lessthanoneday .......... ... ... .. . . .. i 367 11 135 47 17
One day throughoneweek . ............ ... ... .. ... ... ... 100 13 16 22 4
More than one week but within 30 days ... ... .............. ... 66 10 13 G 29
Leadlime notascertained ............ ... . ... ... .. o 7 1 1 2 3
Total .. e 539 35 165 86 pIEES

2 *Time to Switch” represents the minimum leadtime required to convert 1o a primary replacement type of energy in place of the indicated type of energy.

b “Electricity Raceipts” represents those quantities of electricity generated off the manufacturing establiskment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities: for
which payment was made in kind. It does not include electricity generated onsite. “Electricity Receipts” has not been adjusted to account for any quantities that miglv:
have been resold or transferred out. The estimates include those quantities that were ascertained switchahle or not switchable, plus an additional quantity for which tre
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level ‘otals,

Note: Totals may not equal sum of components because cf independent rounding.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-848, "1988 Manufacturing Energy
Consumption Survey.”

28 Energy Information Administration/Manufacturing Fuel-Switching Capability 1988



Table 11. Minimum Leadtime Required to Switch to Distlliate Fuel Oll from Various Energy Sources Consumed
in 1988, by Census Region
(Physical Units)

Census Region

Type of Energy and
Minimum Leadtime to Switch? Total United
States Northeast Midwest South West

From Electricity Receiptsb {million kilowatthours)

Lessthanoneday ....... ... .. ... . i i i 802 117 201 353 231

Onedaythroughone week .. ............ ... ... .. 713 73 225 249 166

More than one week but within30days .. .................. ... 1,561 153 480 601 326

Leadtime notascertained . .............. ... ... .. .. ... ... 51 Q 35 Q *

Total .. 3,228 349 941 1,213 724
From Natural Gas (bitlion cubic feet)

Lessthanoneday ............. .. 353 80 101 149 53

One day throughoneweek ................................ 278 a1 74 136 38

More than one week but within 30days ....................... 203 23 69 74 38

Leadtime notascertained .. ...... ... ... .. ... .. . L.l 53 8 14 22 2

Total . 888 111 258 380 138
From Residual Fuel Oil {thousand barrels)

Lessthanoneday .............c..o i, 4,264 1,244 856 1,209 945

Onedaythroughoneweek ............... ... ... ivivnnn, 4,815 2,204 210 1,201 1,200

Mors than one week but within 30 days .. ................ ... .. 6,771 1,969 1,966 1,780 1,045

Leadlime notascertained ............. ... .. ... .. ... .. 263 93 23 Q 20

Total L 16,103 5,510 3,055 4,328 3,210
From Coal and Coke {thousand short tons)

Lessthanoneday .......... ... . i iiiinnnannn 2,716 w 1,244 1,092 W

One day throughoneweek .. ........ ... ... ... .. ... ... ... 1,954 w w 1,004 W

More than one week but within 30 days .. ..................... 3,038 24 618 1,515 878

Leadtime notascertained ............ ... ... ... . ... .. ... ... 109 Q W 70 ]

Total .. .. e 7815 567 2,547 3,681 1,021
From LPG (million galions)

Lessthanoneday ......... ... .. it 61 4 18 4 35

Cne day throughonewsek .............. ... . ... ... ..... 40 1 22 4 13

More than one week but within30days ....................... 36 4 i5 8 )

Leadime notascertained . ............... .. ... ... ... .. .... 2 * Q 1 *

Total e 138 9 55 17 56

a "Ttme to Switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.
'Elecmctty Hecenpts" rapresants those quantities of electricity generated off the manufactunng establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It doas not include electricity generated onsite. “Electricity Receipts" has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not swiichable, plus an additional quantity for which the
switching status was not ascertained.
‘=Estimate less than 0.5 rounded 1o zero.
=Withheld to avoid disclosing data for individual establishments, Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Consumption Survey.”
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Table 12.  Minimum Leadtime Reduired to Switch to Residual Fuel Oil from Various Energy Sources Consumea:!
in 1988, by Census Region
(Physical Units)

Census Region

Type of Energy an¢.
Minimum Leadtime to Switch® Total United
States Northeast Midwest South Wast

From Electricity F{ee;eipts'o (million kilowatthours)

lessthanoneday .. ....... ... ... ... ... . ... . 2,568 814 718 968 i
Cne day through one week .. ............ T 1,053 W 544 361 A
More than one week but within 30 days .. . .. e 977 W 548 110 o
l.zadtime not ascertained ... ... ... .. ... .. ... L. 20 & Q Q G
Total .. ... ... PR 4819 784 1,820 1,446 B

From Matural Gas (billion cubic feet)

lessthanoneday .................. .. e 335 66 75 142 S
Cne day through one week .. ......... ... e 200 27 53 82 A
More than one week but within 30 days ..... ... . e 214 T 83 96 21
Leadtime not ascertained . . ........ ... .. ... ... ... 37 & 10 16
Total ... .. e 786 117 221 336

Fram Distillate Fuel Qil (theusand barrels)

lessthanoneday ............. ... ... . 365 Q 137 i
Cne day throughone waek .. ... ........ ... .. ... ... .. ..... 403 w 247 A
Mora than one week but within 30 days .. ... ... .. ... ......... 1,594 Q 330 W
l.eadtime not ascertained . . ... .. ... 35 2 (Gl
Yotal ... . .. ... 2,397 Q 720 a0
Fram Coel and Coke (thousand short tons)
Lessthanmoneday ......... ... ... ... .. ... ... 4,501 W 80t 2,682 A
(Cne day through one week .. ............ P 4,480 G2a 532 2,806 i
More than one week but within 30 days . ... ... ... .. ...... ... . 1,705 W 637 858 kS
l.eadtime not ascertained .. ... . ... .. L 198 Q 46 1580 0
- N Y 10,885 1,101 2,016 6,456 T
From LPG (million gallons)
lessthanocneday ...... ... . .. .. .. ... 126 - 46 1 2
Cre day through one week .. ... ...... ... .. e 37 0 30 W hi
More than one week but within 30 days .. ...... ... ... ..... . ..... 17 1 5 w i
l.eadtime notascertained .. ... ... Lo o * 0 0 " )
Total . 181 ) 82 5 B

" T'me to Switch" represents the minimum leadtime required io convert to a primary replacement type of energy in place of the indicated type of erergy.

Y "Electricity Receipts” represents those quandies of electricity generated off the manufacturing establishment sile and available at the site for consumption. It
inclides those quantities for which payment was made, quaniities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities fur
which payment was made in kind. It dees not include eleciricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities thai myyh
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for whicl- i
switching status was not ascertained.

“=Estimate less than 0.5 rounded to zero.

Yi=Withheld 1o avoid disclosing data for individual esteblishments, Data are included in higher fevel totals.

C=Withneld because Relative Standard Error is grester than 50 percent. Data are included in higher leve totals.

Note: Totais may not equal sum of components because of independent reunding.

Source: Energy Informatior: Administration, Dffica of Energy Markets and End Use, Energy End Use Division, Furm £14-846, "1988 Manufacturing Energy
Consumption Survey."
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Table 13. Minimum Leadtime Raguired to Switch o Coal and Coke from Various Energy Sources Consumed
in 1888, by Census Region
(Physical Units)

Census Region

Type of Energy and
Minimum Leadtime to Swiich® Total United
States Northeast Midwest South West

From Electricity Recelptsb {million kilowatthours)

Lessthanoneday ........ ... .ot 530 3z 78 W w

One day throughoneweek ................. . ..o nnn, 443 W W 218 0

More than one weekbutwithin30days . .......... ... ........... 215 Q Q 140 Q

Leadime notascertained .............. ... .. ... .. ... ..., W 0 o W 0

Total .. e 1,188 W 318 701 W
From Natural Gas (pillion cubic feet)

Lessthanoneday ............. ..t 38 1 14 16 7

Oneday throughoneweek ....... ... .. ... ... ............. 31 2 10 18 W

Maore than one week butwithin 30days ....... ... ... .. ........ 35 W 20 9 W

Leadtime not ascertained . ........... ... ... . ... . . ... ., 5 H 2 2 N

Total .. e 108 & 45 46 i1
From Distillate Fuel Oll {thousand barrels)

Lessthanoneday ........... .. . vt 272 G 48 58 97

Cne day throughoneweek .................................. Q o Q * 0

More than one weekbutwithin30days ......................... 150 Q Q 80 Q

Leadime notascertained ................ .. ... ... ... ... ..., G G w 4 0

Total 480 88 111 151 100
From Resldual Fuel Oil (thousand barrels)

Lessthanoneday ............ ... it 1,548 118 g0 801 442

Onedaythroughoneweek .. ................................ 1,400 W w 555 W

More than one week but within 30 days .. ....................... 188 W W 75 0

Leadtime notascertained ............ ... ... . ... ... .. .. ..., Q Q 3 1 0

Total . e 3,168 213 928 1,532 493
From LPG (million gallons)

Llessthanoneday .......... ... ... . i, W G W * W

Cneday throughonewesk ......... ... ... .. ... .. ... ........ & * Q 0 0

More than one week butwithin 30days .......... ... ............ * * N * 0

Leadtime notascertained ............. .. ... . ... ... ... .. 0. ... * o G 0 *

Total e e 18 * W * w

‘T ime to Switch” represents the minimum leadiime required to convert 1o a primary replacement type of energy in place of the indicated type of energy.
"Elecmc:ty Receipts” represents those quantities of electricity generated off the manufaciuring establishment site and available at the sit2 for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing e:ntity, and quantities for
which payment was made in kind. -It does not includs electricity generated onsite. "Eleciricity Receipts” has not been adjusted 1o account for any quantities that might
have been resoid or transferred out. The estimates include those guantities that were ascertained switchable or not swi itchable, pius an adclitional quantity for which the
switching status was not ascertained.
‘=Estimate less than Q.5 rounded 10 zero.
W=Withheld to avoid disclosing data for individual establishments. Data arg included in highsr level totals,
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals,
Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-848, "1888 Manutacturing Energy
Consumption Survey.”
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Table 14. Minimum Leadtime Required to Switch to LPG from Various Energy Scurces Consumed in 1988, i=
Census Region
(Phiysical Units)

Census Region

Type of Energy and
Minimum Leadtime to Switch® Total United
Slates Northeast Midwest South Wesl

Froin Electricity Hevoeiptsb {million kilowatthours)

Lessthanoneday ............ ... ... .. .. ... 37 W w 66
One day through otteweek .. ................................ 825 W W 192
More than one weelcbutwithin30days . ........................ 1,144 Q W 375
Leadtime not ascertalined . .. ... .. ... 15 Q Q 3
Total .. 2,355 800 583 636
From Natural Gas (billion cubic feet)
Lessthanoneday ............. ... ... i 296 27 94 125 ]
One day throughoneweek ....... ... ... ... .. ... ... ... .... 174 14 a5 111 oa
More than one week but within 30 days .. ......... .. ... .. ...... 169 16 54 77 e
Leadlime not ascertained .. ... ... ... .. ... .. o 32 ] 8 15 3
TOtal .. 670 &80 192 327 e
From Distillate Fuel Oil (ihousand barrels)
Lessthanoneday .... ... ... i i 450 48 123 114 1455
One day throughoneweek ........... ... ... .. ... .. ... ... .. 318 35 W 42 v
More than one week but within30days .. ... ... . ... ... ....... 1,412 352 Q 472 v
Leadtime not ascertainec! .. ... ... ... 72 27 Q 27 i
Total . e 2,253 4605 Q 656 LG
From Residual Fuel Oil (I'housand barrels)
Lessthanoneday .......... .. ... . ... . . i 4973 775 2,663 427 P
One day throughoneweerk .. ......... ... ... ... .. .. ... ... ... 4,523 W 2,282 437 iy
More than one week but within 30days .. ...... ... .. ... ......... 1,609 W 155 689 (i
Leadtime notascertained ....... ... ... ... ...l Q 0 0 Q 0
Total .. 11,217 2,675 5,100 1,665 TS
From ~oel and Coke (thotisanc! short tons)
Lessthanoneday .... ... . ... i n i 57 0 w W 0
Cne day throughoneweek ......... ... .. ... ... ... . ... 233 W w w i
More than one week but within30days ....... ... .............. 567 45 161 362 i
Leadtime notascertainedi .. ..... ... ... ... ... 45 G w o} i
Total . . e 802 5 347 502 i

@ "Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

b "Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. 1t
inciudes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities. fur
which payment was made in kind. It does not include electricity generated onsite. “Electricity Receipts” has not been adjusted to account for any quantities that
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional guantity for whict i
switching status was not ascertained.

W=Withheld to avoid disclising data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relaiive Standard Error is greater than 50 percent. Data are included in higher level totals.

Note: Totals may not equal sum of components because of independent rounding.

.Source: Energy Information Administration, Office of Snergy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Col 1sumption Survey.”
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Table 15. Relative Standard Errors for Table 1

{Percent)
Type of Energy Actual Minimum Maximum
Censttnption Censurmption® Consumption
Total Uniled Siates
Electricity Receipts® {million kilowatthours) ... ............ . ..... 2 z 2
Natural Gas (bilion cubicfeety .. ..... ... ... .. .. ... ... .. ..., 2 3 2
Distillate Fuel Oil (thousand barrels) . .......................... & 8 2
Residual Fuel Cif (thousand barrals) . . .. ........ ... ... .. .. ..., 3 4 2
Coaf and Coke (thousand sherttons) . ......................... 3 4 3
LPG (miliongallons) .. ....... ... ... ... . ... 5 7 3
Northeast Census Region
Electricity Receipts® (million kilowatthours) . ... . ................. 3 3 3
Natural Gas (biltion cubic feat} .. ........... ... .. .. .. .. .. ... .. 4 8 3
Distillate Fuel il {thousand barrels) . ....... ... ... ... .. ...... g 11 4
Residual Fuel Oil {thousand barrals) .. ........... ... ... ... ..... 4 5 4
Coat and Coke (thousand shorttons) .......................... 7 8 7
LPG (milliongallons) ..... ... .. ... ... . .. ... .. ., W g 6
Midwast Cansus Region
Electricity Receipts® (miflion kilowatthours) .. .................... 2 3 3
Natural Gas (billien cubicfeet) .. ......... .. .. ... ... ... ..... 4 3 2
Distillate Fuel Oif (thousand barrels) . . ........ .. .. ... ... .... 10 11 3
Residual Fuel Oif (thousand barrels} .. ... ... ... ... ... ... ...... 8 22 4
Coal and Coke (thousand shorttons} ... ....................... 4 5 4
LPG (milliongallons) .. ... ... ... . W 18 4
South Census Region
Electricity Receipts® (million kilowatthours) .. ... ... . ... ..... 2 2 2
Natural Gas {billion cubicfeet) . ........... ... ... ... .. ... .... 4 5 3
Distillate Fuel Oil {(thousand barrels) .. ... ........... ... ... .... 14 18 4
Residual Fuel Oil (thousand barrelsy .. ........ ... ... . ....... 4 5 3
Coal and Coke (thousand shorttons) .. ....... ... ............. W 8 4
LPG (milliongallons) ... ..... . ... ... ... ... 7 8 5
Wast Census Hegion
Electricity Receipts® {million Kifowatthours) .. ... . ... ... ... .... 2 3 3
Natural Gas (billion cubicfesty .. .. ... ... .. ... .. ... .. ... .. .. 4 & 3
Distillate Fuel Oil (thousand barrels) ... .......... .. ............ 8 10 5
Residual Fuel Oif (thousand barrels) .. ... . ... .. . ... .. ... ... 7 12 4
Coal and Coke {thousand shortions) ........... ... ... ... ..... W iC 7
LPG (milliongallons) .......... .. ... ... ... ... ... e 12 5

# Minimum consumption represents actual 1988 consurmgtion decreased by the quantity of the designated type of energy that would no longer have been required if
all ascertag?ed switching from that type of energy had occurred. The minimum valua includes the quantity of 1888 consumption for which switching capability was not
ascertained.

Maximum consumption represents actual 1988 consumption increased by the quantity of the designated tvpe of energy that would have been required if all
ascertained switching inta that type of energy had cccurred. This value assumes that all indicated substitutions were possible simultaneously and the substitutable
amount consists of the sum of all possible switches to the designated type of energy. The estimate assumes that 1988 output remained constant.

° “Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. it
includes those quantities for which payment was made, quantities ransferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include eleciricity generated onsite. "Electricity Receipts” has not boen adjusied to account for any quaniities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data ars inciuded in higher isvel ials.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form E1A-848, “1088 Manufacturing Energy
Consumption Survey.”
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Table 16. Relative Standard Errors for Table 2

(Percent)
Electricity Receipts Alternative Types of Energy®
Selected Characteristics Heg‘i:itsb Switchable Swi:;;ble Ng:sral Eius:l"gi? ﬁ::iid 37:] Coca;l;n ‘ LPG Other®
sSIC Industry Groups

Coxls® and Industry

20 Food and Kindred Products ... ......... 4 22 4 28 30 35 22 Q i
21 Tobacco Products ................... 8 W w 0 0 0 w o] 0
22 Textile Mill Products ................. 4 34 4 Q 46 0 w o} 0
23 Apparel and Other Textile Products . . .. .. 10 Q 10 Q o] 0 0 Q 0
24 Lumber and Wood Products ........... 8 Q 8 (o] Q Q 0 0 )
25 Furniture and Fixtures . ............... 8 40 g Q 0 Q 41 45 0
26 Paper and Allied Products . ............ 3 9 3 12 35 11 20 0 45
2621 PaperMills ............ .. ... .. .... 3 11 3 13 W w w 0 i
2631 PaperboardMills . ... ............... 5 12 5 14 28 17 18 0 W
27 Printing and Publishing ............... 7 Q 7 Q Q 0 Q 0 Y
28 Chemicals and Allied Products . . ........ 4 11 4 15 23 13 1 Q 6
2819  Industrial Inorganic Chemicals, nec . . . .. 13 W 13 w 0 w 0 0 0
2821  Plastics Materials and Resins . ... ... .. 5 14 5 w w w w W 3}
2869  Industrial Organic Chemicals, nec ... ... 7 20 7 26 36 29 20 0 T
2873  Nirogenous Fertilizers . .......... ... 7 22 7 w W (] W o] {J
28 Petraleum and Coal Products . ......... 4 6 4 7 2] 9 29 8 16
2911 Petroleum Refining .. ............. .. 4 6 4 7 B 9 w W 16
30 Rubber and Misc. Plastics Products . . . . .. 5 28 5 33 48 43 1] 45 6]
31 Leather and Leather Products . ......... 22 35 26 Q w ¢ 0 Q !
32 Stone, Clay and Glass Products ... ..... 3 15 3 20 21 33 43 29 0
3241  Cement, Hydraulic ................. [ w 5 w W 0 (] w [
33 Primary Metal Industries .............. 3 10 3 10 20 10 Q w
3312  Blast Furnaces and Steel Mills .. .. ... .. 4 10 4 10 W 10 0 w [}
3334  Primary Aluminum .. ............... 6 [4] 6 [4] 0 ¢ [¢] 0 i
34 Fabricated Metal Products . .. .......... 5 40 5 Q 44 Q 0 Q N
35 Industrial Machinery and Equipment . . . . .. 5 30 6 40 3g Q Q Q 3
36 Electronic and Other Electric Equipment . . . 5 43 5 50 47 Q Q Q e
37 Transportation Equipment . ............ 5 15 5 28 18 w o 39 14
38 Instruments and Related Products .. ... .. 7 32 8 Q Q 37 w Q 3
39 Misc. Manufacturing Industries . .. .. .. ... 8 Q w Q Q Q Q Q ]
Total ............ ... ... 2 5 2 6 10 7 11 12 3
Census Region
Northeast . ... v 3 16 3 23 23 14 49 28 19
Midwest . ... ... . 3 8 3 9 13 10 25 18 19
SOUN . . e 2 8 2 9 18 13 12 28 8
eSSt e 3 17 3 18 25 17 21 14 17
Total ... .. .. 2 5 2 6 10 7 1 12 15
Value of Shipments® (million dollars)
Under 20 ... ..ot 3 22 4 29 25 37 36 42 0]
2049 3 17 3 22 24 42 Q 37 30
BO-80 e 3 28 3 2¢ 42 14 18 29 1
100-248 . .. . 3 12 3 15 22 16 18 38 32
250-480 . ... 4 9 4 1¢ 21 1 18 15 16
500and Over ......... . ... ... oo 3 7 3 8 17 9 12 15 15
Total ... ... e 2 8 2 & 10 7 1 12 o
Employment Size®
UnderB0 ... ..o e 6 28 6 35 30 40 LS| 41 G
BO-99 ... 5 25 5 23 45 Q 39 49 o
100-248 . ... .. e 3 17 3 2 28 25 44 35 Pl
250-489 ... 2 12 3 14 17 14 15 17 14
B00-839 . ..., ... e 3 8 3 10 17 14 19 35 a0
1,000and Over ... ... 3 7 3 9 18 8 13 18 i
Tatal . ... 2 5 2 3] 10 7 11 12 o8

4 "Alternative types of energy" consist of those that could have been substituted for electricity receipts during 1988. The quantities are expressed as the percent u”
electricity that could have been displaced by the given alternative type of energy.

"Total Receipts” represents those quantities of electricity generated off the manutacturing establishment site and available at the site for consumption. it includes
those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for which
payment was made in kind. It does not include electricity generated onsite. “Electricity Recaipts” has not been adjusted to account for any quantities that might have
been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.

¢ *Other" includes all other types of energy not already identified that respondents indicated could have been consumed in place of electricity.

9 See Appendices A and E for descriptions of the Standard Industrial Classification system,

¢ Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.

*=Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals,

Source: Energy Information Administration, Office of Energy Marksts and End Use, Energy End Use Division, Farm EIA-846, 1888 Manufacturing Energy
Consumption Survey.”
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Table 17. Relative Standard Errors for Table 3

( Percent)
Natural Gas Alternative Types of Energy?®
Total Not Elecrricity | Distilate | Residual | Coal and
Selected Characteristics Consumed® | Switchable | Switchable | Recsipts® | Fuel Ol | Fuel Ol Coke Li2G Other®
siC Industry Groups
Code® and industry
20 Food and Kindred Products .. .......... 3 4 5 27 3 5 14 7 30
21 Tobacco Products . .................. 12 15 14 0 19 23 * ‘ 0
22 Textile Mill Products . ............... . 5 ] 3 29 g ] 13 10 21
23 Apparel and Other Textile Products .. .. .. 16 20 22 Q 24 3z : 38 [
24 Lumber and Wood Products ... ...... .. 12 16 18 44 33 32 22 48
25 Furniture and Fixtures . ............... 8 14 10 “ 26 a3 ¢ 18 *
26 Paper and Allied Products .. ........... 3 4 4 10 5 4 8 i1 21
2621 PaperMills ............ .. .. .. .... 3 4 5 12 oS 4 10 el *
2631  PaperboardMills . .. ...... ... ... .... 6 <] 8 17 i 7 i2 17 27
27 Printing and Publishing ............... 8 14 11 31 20 28 ’ 4 ¢
28 Chemicals and Alfied Products . .. .. ... .. G 5 7 17 & 5 14 10 17
2819  Industrial Inorganic Chemicals, nec . . . .. W 13 W 27 15 17 27 18 *
2821  Plastics Materials and Resins ....... .. W 7 w : g 8 W 18 0
2869  Industrial Organic Chemicals, nec .. .. .. 12 10 14 28 10 i1 27 ) 23
2878  Nitrogenous Fertilizers. ... ........... [} 13 ) 0 14 w 0 * 4]
28 Petrcleum and Coal Producis . ...... ... 5 5 & 13 8 7 22 6 18
2911 Petroleum Refining . .............. .. 5 6 7 i3 i0 7 i6 8 19
30 Rubber and Misc. Plastics Products .. .. .. 5 8 10 21 7 g 26 12 38
31 Leather and Leather Products . ......... 12 17 19 * 25 22 * * ‘
32 Stone, Clay and Glass Products ... .. ... 4 5 8 16 5 ) i1 7 22
3241  Cement, Hydraulic ................. ¢] 11 8 Q 11 g 12 18 20
33 Primary Metal Industries . ......... .. .. 3 4 4 14 7 7 i2 6 W
3312  Blast Furnaces and Steel Mills .. .. ... .. 4 6 5 W 8 3 1 11 w
3334 Primary Aluminum ... ... ... ... ... .. 8 7 8 0 9 12 0 g 0
34 Fabricated Metal Products . ............ [+ 7 g 18 11 11 22 ¢} 48
35 industrial Machinery and Equipment . ... .. g 7 14 21 8 i2 27 10 W
36 Electronic and Other Electric Equipment . . . 5 & 7 25 2 12 35 9 :
37 Transportation Equipment ............. 6 8 g 18 & 13 14 8 .
38 instruments and Related Products ... .. .. 8 12 13 Q 14 i5 4] 24 *
39 Misc. Manufacturing Industries . .... ... .. 11 i4 i6 . 21 17 * 23 :
Total ......... ... 4 2 3 5 2 2 g 3 3
Census Region
Northeast . ......... 4 4 8 12 3 5 id 5 21
Midwes: ... ... .. 2 3 3 14 4 4 7 4 14
SoUth 4 3 5 g 4 4 8 5 12
WSt e 4 4 6 15 5 5 i2 6 22
Total ... 2 2 3 8 2 2z 5 3 9
Valus of Shipments' (million doliars)
Under20 ... ... o 4 5 8 14 7 2 i3 8 23
20-49 L 3 4 4 i3 5 4 11 7 22
B0-99 . e 3 3 5 18 4 5 11 5 20
100-249 . . 4 3 [S] 18 5 4 11 5 14
250-499 . . e e e 3 4 5 i8 s 5 10 8 28
500and OvVer ... .. i 5 4 7 11 & 5 10 6 14
Total ... 2 d 3 8 2 2 5 3 9
Employment Siza'
Under 50 .. ... e e 7 7 10 21 3 12 28 11 38
50-98 ... 4 8 & 22 8 10 i85 10 31
100-249 . .. . e 4 4 3] ¢ 4 ] 11 6 24
250-489 . e 3 3 A4 i8 & 4 10 5 19
500999 . ... 3 3 4 12 4 4 G 5 17
1,000and Over ... .. .. i, 5 4 7 10 5 4 8 7 16
Total ... ... 2 2 3 8 2 2 5 3 g

2 "Alternative types of energy” consist of those that could have been substituted for natural gas during 1888. The quaniities ;e exprassed as the percent of natural
gas that could have been displaced by the given altemative type of energy.

The estimates of total consumption include those quantities that were ascertained switchable or not swichable, plus 2n add ional guantity for which the switching
status was not ascertained.

° "Electricity Receipts” represents those quaniities of electricity generated off the manufacturing establishment site and avallable at the site for consumption. 1t
includes those quantities for which payment was made, quantities transferred in, guantities purchased and paid for by a ceniral jaurchasing entity, and quantities for
which payment was made in kind. It does not include slectricity generated onsite. “Electriclty Heceipts” has not been adjusted 1o account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, pius an additional quantity for which the
switching status was not ascertained.

"Other” includes all other types of energy not already identified that respondents Indicated could have been consumad in plate of naiural gas.

f See Appendices A and E for descriptions of the Standard Industrial Classification systern.
Value of Shipments and Employment Size were supplied by the Bureau of the Census. Ses Appendix A.

*=Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level wials.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher iavel totals,

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form E14-848, "1 988 Manufacturing Energy
Consumption Survey."
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Table 18. Relative Standard Errors for Table 4

(Percent)
Distillate Fuel Ot Alternative Types of Energy®
Total Not Electricity | Natural | Residual | Coal and
Selacted Characteristics Consumed® | Switchable | Switchable | Receipts® Gas Fuel Ol | Coke LPG e
SIC Industry Groups
Code® and Industry
20 Fooci and Kindred Products . . .......... w 20 13 Q 23 39 Q 31
21 Tobacco Products .. .. ............... 18 17 26 1] 18 ‘ Q 29
22 Textile and Mill Products .. ............ 18 31 22 Q 32 29 44 26
23 Apnarel and Other Textile Products ... ... 22 Q 26 Q Q Q Q Q
24 Lumber and Wood Products . .......... 22 46 26 0 Q Q Q Q
25 Furniture and Fixtures ................ 33 Q 26 ‘ 43 Q Q G [
26 Paper iand Allied Products . .. .......... g 8 11 28 11 14 27 18 Y
2621 PaperMills ... .. ... .. ... ... 5 7 6 W 9 15 16 15 Yy
2631  Paperboard Miffs . . . ......... .. ...... 18 14 21 26 17 22 w 31 .
27 Printing and Publishing ............... 20 26 30 Q 27 32 0 Q
28 Chemi.cals and Allied Products . ... ...... 10 17 11 21 16 46 13 45
2819 Industrial Inorganic Chemicals, nec . . ... w 15 18 0 16 31 w 27 .
2821 Plastics Materials and Resins . ... .. ... 17 26 18 W 27 13 0 15 iy
2889  Industrial Organic Chemicals, nec . ... .. 10 20 12 25 20 41 w 23 Wy
2873  Nitrogenous Fertilizers . ............. 11 21 14 0 w w 0 0 B
29 Petroleum and Coal Products . ......... 18 29 24 41 25 41 43 47 il
2911 Petroleum Refining . ................ 1" 9 15 W " 14 22 10 ik
30 Rubber and Misc. Plastics Products . . . ... 15 20 22 Q 19 46 Q G )
31 Leather and Leather Products . ......... 3 Q 22 Q Q 0 0 e}
32 Stone, Clay and Glass Products . ....... 25 20 35 Q 24 23 26 26
3241 Cement, Hydraulic ................. 6 17 7 1] 23 22 w 24
33 Primary Metal Industries ........... ... 8 21 8 21 21 Q * e} P
3312  Blast Furnaces and Steet Mills . .. .. .. .. 6 15 6 ¢ 15 0 s} 14 W
3334  Primary Aluminum .. ............... 8 16 g w 16 0 0 W I
34 Fabricated Metal Products . ............ 14 28 17 Q 30 36 Q 36 i
35 Industrial Machinery and Equipment . . . . .. 18 22 26 3 23 37 Q a2 :
36 Electronic and Other Electric Equipment . . . 16 21 26 Q 22 35 32 31 i
37 Transportation Equipment ... .......... w W 14 28 23 25 21 o] R
38 Instruments and Related Products ... .... 28 26 31 “ 26 Q 0 Q B
38 Misc. Manufacturing Industries . ......... 18 28 24 Q 37 33 Q Q 1
Total ........ ... . 6 8 9 19 7 20 15 20 o
Census Region
Mortheast .......... .. .. ... . . i ] 10 12 33 10 21 37 20 'Ii
Midwest .. ... ... 10 26 12 32 21 Q 26 Q HH
South ... 14 12 21 34 14 20 27 26
West .. e 8 11 1" Q 12 16 24 15 o
Total ... .. . 6 8 9 19 7 20 15 29 o
Valus ot Shipments' (million dollars)
Under20 ... ... . . . . 12 19 17 28 17 37 31 37 o
20-49 L e 8 14 9 49 16 26 43 25 1l
B0-80 . e 11 11 13 20 13 19 21 26 A
100-249 . . e 8 18 g 19 9 43 13 13 i
250499 . L 7 1 8 41 13 16 29 15 4
S00andOver ........ .. 6 12 8 20 14 14 22 12 1
Total ......... ... .. .. 6 8 9 19 7 20 15 20
Employment Size'
Under50 ... ... . e 18 27 23 33 24 42 37 50 40
BO-98 . ... e 10 20 12 Q 19 23 Q 49 v
T00-248 .. e 7 11 9 A2 12 17 19 kE:) S
250-488 . ... e 2] 18 10 Q 21 28 Q 28 1
BOO-98D . ... e 1 11 12 15 9 43 14 “1 i
1,000and Qver .. ... e 5 10 6 35 12 18 20 21 w
Total .. ... e 6 8 9 19 7 20 15 20 i

2 "Alternative types of energy” consist ¢)f those that could have been substituted for distillate fue! oil during 1983. The quantities are expressed as the percent o’
distillate fuel oil that could have been dis placed by the given alternative type of energy.

b The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching
status was not ascertained.

© "Electricity Receipts” represents thos e quarilities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which paym ent was mace, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities fis
which payment was made in kind. It doess not includs electricity generated onsite. “Electricity Receipts” has not been adjusted to account for any quantities th
have been resold or transferred out. Th'3 estirates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for v
switching status was not ascertained.

9"Other” includes all other types of ertergy not already identified that respondents indicated could have been consumed in place of distilate fuel oil.

% See Appendices A and E for descrijstions of the Standard Industrial Classification system,

TValue of Shipments and Employmer 1t Size were supplied by the Bureau of the Census. See Appendix A.

*=Estimate less than 0.5 rounded to :zero.

W=Withheld to avoid disclosing data for individual establishments, Data are included in higher level totals.

Q=Withheld because Relative Standzird Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administ ration, Cffice of Energy Markets and End Use, Energy End Use Division, Form ElA-846, “1988 Manufacturing Energy
Consumption Survey.”
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Table 19. Relative Standard Errors for Table §

{Percent)
Residual Fue! Oil Alternative Types of Energy?
Total Not Electricity { Nawral | Distillate | Coal and
Selected Characteristics Consumed® | Switchable | Switchable | Receipts® Gas Fuel Git Coke LPG Other®
SiC Industry Groups
Code® and Industry
20 Food and Kindred Products .. .......... w 11 W 37 8 28 20 21 Q
21 Tobacco Products . .................. 10 12 17 0 13 w W 0 0
22 Textile Mill Products . ................ 6 8 12 Q 8 13 17 24 Q
23 Apparel and Other Textile Products ... ... 33 43 Q o Q Q 0 Q [+]
24 Lumber and Wood Products . .......... 29 38 43 o Q 37 o] Q Q
25 Furniture and Fixtures .. .............. 23 31 34 e} 40 38 0 Q o]
26 Paper and Allied Products ,............ 4 4 5 11 5 7 11 22 25
2621 PaperMills ....................... 5 5 & W 8 g 15 W W
2631 Paporboard Mills . . ... .............. 7 7 9 19 8 13 18 21 25
27 Printing and Publishing . .............. 28 28 0 0 27 45 ¢ Q 0
28 Chemicais and Alfied Products ... ....... 8 6 14 38 6 14 15 25 39
2819  Industrial Inorganic Chemicals, nec . . .. . 10 14 15 0 17 25 w Q 0
2821  Plastics Materials and Resins . ........ w 1 w 4] 12 15 W w 0
2869  Industriat Organic Chemicals, nec .. .. .. 15 15 18 w 17 i5 W 30 39
2873  Nitrogenous Fertilizers .. ............ 4] 0 0 0 4] 0 0 0 0
28 Petroleum and Coal Products .......... 6 7 10 21 7 11 18 8 18
2911 Petroleum Refining . ................ 6 7 10 21 7 12 18 8 18
30 Rubber and Misc. Plastics Products .. .. .. w 10 W Q 11 i3 36 32 0
31 Leather and Leather Products . ......... 31 48 35 0 Q Q Q 0 0
32 Stone, Clay and Glass Products ........ 16 18 42 Q 14 17 15 32 Q
3241 Cement, Hydraufic ................. Q Q Q 0 35 28 15 w Q
33 Primary Metal Industries .............. 8 8 11 W 10 16 17 32 W
3312  Blast Furnaces and Steel Mills . . . .. .. .. 8 8 11 w 10 W W 0 W
3334  Primary Aluminum .. ............ ... 23 23 0 0 23 23 0 (] 0
34 Fabricated Metal Products ............. 19 25 29 wW 27 44 W Q w
35 Industrial Machinery and Equipment . . .. .. 16 16 32 Q 18 28 [¢] Q w
36 Electronic and Other Electric Equipment . . . 13 17 22 Q 17 25 3g a8 W
37 Transportations Equipment ... .......... 12 27 10 26 36 21 30 13 w
38 instruments and Releted Products ... .. .. 14 14 23 W 15 20 W Q o
39 Misc. Manufacturing Industries . .. ..., ... 18 14 Q Q 22 31 Q 39 0
Total ......... ... . ..o 3 3 4 8 3 3] 7 7 13
Cansus Region
Northeast .. ......couiiiivnonnn i 4 5 5 12 6 8 14 13 20
Midwest . ... . g & 23 38 7 14 18 11 20
South . . ... o e e 4 4 & 12 4 8 8 12 21
WESt e e e 7 8 13 21 & 16 15 8 25
Total ........ ... . 3 3 4 8 3 6 7 7 13
Value of Shipments' (million dollars)
Under20 ... .o 9 13 14 48 i4 17 24 28 Q
20-89 L e 12 11 24 27 7 20 18 21 35
5080 ... e 8 7 9 2z 7 13 16 17 30
100-240 . . ... e 4 5 7 27 5 & 12 10 22
280488 . . ... e e 5 8 7 12 5 <] 14 12 16
S00and Over .. ... . ... 5 [ 7 14 8 i1 13 10 23
Total ... e 3 3 4 8 3 8 7 7 13
Employment Size'
UnderB0 ... ... .. i 16 21 27 [ 23 a5 0 Q 0
B0-88 . ... 23 17 39 Q 17 19 Q A Q
100-249 .. ... e 6 8 8 31 7 14 13 11 31
250-480 . ... e e 5 3] 7 14 e S 12 13 17
800-899 . ... e 4 5 6 27 5 g 12 13 23
1,000and Over ... ... 4 5 6 14 [ 11 11 14 19
Total ... . e e 3 3 4 8 3 5] 7 7 13

2 "Alternative types of energy” consist of those that could have been substituted for residual fuel oil during 1988. The quantities are expressed as the percent of
residual fue! ail that could have been displaced by the given alternative type of energy.
The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching
status was not ascertained.
¢ "Electricity Receipts" represents those quantities of eleclricity generated off the manufacturing establishment site and available at the site for consumption. 1t
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include eleclricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities that might
have been resald or transferred out. The estimates include those quantities that were ascertained swiichable or not switchable, plus an additional quantity for which the
switching status was not asceriained.
“Other” includes all other types of energy not already identified that respondents indicated could have been consumed in place of residual fuel oil.
° See Appendices A and E for descriptions of the Standard Industrial Classification system.
Tvalue of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix 4.
W=Withheld to avoid disclosing data for individua! establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher leve! totals,
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form ElA-848, "1888 Manufacturing Energy
Consumption Survey.”
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Table 20. Relative Standarcl Errors for Table 6
(Percent)
Coal and Coke Altemative Types of Energy?®
» Total Not Electricity | Natural | Distillate | Residual
Selected Characteristics Consumed® | Switchable | Switchable | Receipts® Gas Fuel Oil | Fuel Oil LPG Othar®
Sic Industry Groups
Code® and Industry
20 Food and Kindred Products ........... w W 14 47 12 14 14 28 afi
21 Tobacco Produets . ................. 14 w w [ 38 w 13 4] I
22 Textile Mill Products ................ 9 11 13 w 14 19 11 25 i
23 Apparel and Other Textile Products . . . . . 44 47 Q Q Q Q Q Q !
24 Lumber and Wood Products .. ........ 42 V] 42 0 0 1] 0 0 I
25 Furniture and Fixtures . .............. 26 37 22 * 43 42 32 43 A
26 Paper and Allied Products .. .......... 4 4 5 9 5 7 6 20 o
2621 PaperMills .. .................... 4 5 5 10 6 7 6 w Y
2631  PaperboardMills . . ................ 7 8 11 w 11 16 9 30 ol
27 Printing and Publishing .............. ) 0 0 0 0 0 0 0 o
28 Chemicals and Allied Products . ... ... .. ] 8 8 13 1 11 9 35 iy
2819 Industrial Inorganic Chemicals, nec . . . . w w 14 0 22 w w 0 1
2821  Plastics Materials and Resins ... .. ... 11 13 12 ¥} 16 w 16 w 1
2869  Industrial Organic Chemicals, nec .. . .. 15 18 21 W 19 23 0 w K
2873  Nitrogenous Fertilizers . ........... . 0 0 0 0 0 0 0 0 K
29 Petroleum and Coal Products ......... 10 12 16 w 14 12 14 27 e
2911 Petroleum Refining . ............ ... 10 12 16 W w w 14 W i
30 Rubber and Misc. Plastics Products . .. .. 14 20 17 0 20 33 w 0 i
31 Leather and Leather Products ......... 50 Q Q ] Q 1] o Q I
32 Stone, Clay and Glass Products .. ..... 6 6 10 w 7 8 10 W i
3241  Cement, Hydraulic ................ 6 5 g w 6 7 g W i
33 Primary Metal Industries ............. 5 14 6 33 14 30 14 W W
3312  Blast Furnaces and Steel Mills . . . . . ... 3] 15 6 W 15 14 14 W T
3334  Primary Aluminum . ....... .. ... ... 0 0 0 0 o] 0 0 0 1
34 Fabricated Metal Products . ........... 11 22 13 W 21 33 27 0 I
35 Industrial Machinery and Equipment . .. .. 14 17 17 Q 18 20 29 41 I
38 Electronic and Other Electric Equipment . .. 16 20 18 o 20 37 34 o} e
37 Transportation Equipment .. .......... w 12 w W 12 13 16 18 "
38 Instruments and Related Products . ... .. 39 39 39 W 0 W w 0
39 Misc. Manufacturing Industries . .. .. .. .. 38 39 48 0 40 0 44 36
Total ................. .. ... 3 3 4 1 4 5 4 14
Census Region
Northeast . ... ... 7 14 8 23 10 14 16 17 m
MidWest ... ..ot 4 6 5 46 7 7 8 13 1
BoUtN . e w w 6 9 5 6 5 22 s
WSt . w W 10 17 8 17 15 o] i
Total . ... .. 3 3 4 11 4 5 4 14 |
Value of Shipments' (million dollars)
Under20 ............ ... . . . . 12 12 18 22 13 22 29 23 Wy
20-49 . . e ] 6 g * 7 9 10 20 k4
8099 ... e 5 7 6 28 9 8 g Q e
100-249 . ... . 4 6 ) 14 8 7 6 17 [
2580-499 . ... 6 6 7 26 8 9 7 18 M
S00and Over ... ... 5 8 5 15 9 14 10 27 i
Total ......... .. .. ... 3 3 4 11 4 5 4 14 i
Empioyment Size
Under50 ... ... 33 Q 46 Q Q Q Q Q 1
5088 ... . 17 14 23 a 15 16 21 28 K
100-248 . . ... 4 5 6 27 6 7 8 24 1%
280-499 ... .. 8 6 10 30 8 8 8 15 S
S00-989 ... ... .. [ 8 6 16 1 9 8 15 ih
1,000and Over .. ... ... .. i 4 5 5 10 6 10 7 24 (B
Total ...... ... .. 3 3 4 11 4 5 4 i4 T

2 ralternative types of energy" consist of those thal could have been substituted for coal and coke during 1988. The quantities are expressed as the percent o cul
and coke that could have been displaced by the given alternative type of energy.
5 The estimates of total consumption include those quantilies that were ascertained switchable or not switchable, plus an additional quantity for which the switchir
status was not ascertained.

S "Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. |
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantites
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities th:
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or rot switchable, plus an additional quantity for w

switching status was not ascertained.

@ "Other" includes all other types of energy not aiready identified that respondents indicated could have been consumed in place of coal and coke.

% See Appendices A and E for descriptions of the Standard Industrial Classification system.
f Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.
‘=Estimate less than 0.5 rounded to zero.
W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.
Q=Withheld because Relative Standard Errcr is greater than 50 percent. Data are included in higher level totais.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form ElA-846, "1988 Manufacturing Energy
Consumption Survey."
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Table 21. Relative Standard Errors for Table 7

{Percent)
LPG Alternative Types of Energy?
Total Not Electricity | Natural | Distillate | Residual | Coal and
Selected Characteristics Consumed® | Switchable | Switchable | Receipts® |  Gas Fuel Oil | FuelGil | Coke | Other®
Sic Industry Groups
Code® and Industry
20 Food and Kindred Products . ......... .. W 27 Q . 30 49 . * *
21 Tobacco Produets . .................. 15 ‘ 16 0 4] 0 4] 0 ¢
22 Textile Mill Products . ................ 12 13 18 * 14 * 3 Q ¢
23 Apparel and Other Textile Products ... ... 37 Q 43 Q Q : 0 4] *
24 Lumber and Wood Products . .......... 16 32 20 * 42 47 [¢] Q Q
25 Furniture and Fixtures . ............. .. 18 39 22 ¢ 44 * ‘ 0 *
26 Paper and Allied Products ............. 8 12 ! 33 24 15 * * *
2621 PaperMills ....................... 7 14 7 . 16 w 0 0 *
2631 PaperboardMills .. ............. .. .. 8 18 8 * 18 4] * 4] *
27 Printing and Publishing ............... 23 G 26 * Q * 1} o] Q
28 Chemicals and Allied Products . ... .... .. 11 11 15 * 11 26 17 0 21
2819  Industrial Inorganic Chemicals, nec . . . .. 15 20 25 ’ 21 36 ‘ 0 .
2821 Plastics Materials and Resins ... ...... 13 16 22 i 16 ‘ ‘ [¢] ‘
2869  Industrial Organic Chemicals, nec . ... .. 14 19 22 : 19 : * 0 *
2873  Nitrogenous Fertilizers . ... .......... * 0 * 0 o] ] Q 0 0
29 Petroleum and Coal froducts . ......... 7 7 11 20 8 11 8 26 20
2911 Petroleum Refining . ................ 7 7 11 15 8 w 8 W 20
30 Rubber and Misc. Plastics Products .. .. .. w 18 18 * 24 27 * Q *
N Leather and Leather Products . ....... .. 25 * 23 * * * [« Q *
32 Stone, Clay and Glass Products ... .. ... 10 14 15 15 15 18 14 0 43
3241  Cement, Hydraulic ................. * * : . * ° 0 0 ¢
33 Primary Metal Industries .............. 12 11 20 27 12 24 * * 23
3312  Blast Furnaces and Steef Mills . . ... .. .. 14 W W i} W : 0 o .
3334  Primary Aluminum . .. ... ... ... ... 8 * 9 0 * * * o] 0
34 Fabricated Metal Products .. ......... .. 12 20 14 35 21 48 * : 3
35 Industrial Machinery and Equipment . . . . .. 15 26 20 * 33 39 ¢ 0 Q
36 Electronic and Other Electric Equipment . . . 3 Q 20 47 G ‘ * * *
37 Transportation Equipment .. ......... .. 13 12 17 * 12 ¢ ¢ * ¢
38 instruments and Related Products .. ... .. Q Q 30 “ N Q 0 0 .
39 Misc. Manufacturing Industries ... ....... 38 a3 23 : * ¢ 1} * ‘
Total ..... ... . .. 5 8 7 15 86 9 8 25 15
Census Region
Northeast ...t W W 10 47 12 i2 25 ‘ 20
Midwest . ... .. w w 22 24 8 16 11 w 26
SOUTN . .o e 7 12 g 16 13 12 12 * 14
WSt ..ot i 9 10 13 21 it 15 12 w 26
Total . ... e 5 6 7 15 3] g 8 25 15
Valus of Shipments' (million dollars}
Under20 ... i e e 15 20 23 44 24 32 Q Q 27
20-40 . L e 8 17 10 15 20 39 25 ] 27
5089 .. e 7 10 10 22 12 12 17 ¢ 44
100-249 . . . e 5} 9 8 26 10 17 24 * 16
250-499 . . e 10 11 11 22 12 18 13 * 17
500and Over .. ... . 8 9 12 16 o] 12 10 W 22
Total . ... . . 5 3] 7 15 6 g 8 25 15
Employment Size'
UnderB80 . ...t 23 28 30 Q 32 49 Q Q 44
5098 . .. 11 15 15 46 16 26 50 * 39
100-249 . . .. e e 8 11 g 35 12 16 14 * 38
250-488 .. .. e 6 9 10 15 g 14 12 w 18
500-899 . . ... e 7 8 12 25 8 12 w * 23
1,000and Over . ......... i 11 15 11 22 15 22 w * 23
Total .. e 5 6 7 15 6 9 8 25 15

2 "Alternative types of energy” consist of those that could have been substituted for LPG during 1988. The quantities are expressed as the percent of LPG that could

have been displaced by the given alternative type of energy.
The estimates of total consumption include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the switching

status was not ascertained.

© "Electricity Receipts™ represents those quantities of electricily generated off the manufacturing establishment site and available at the site for consumption. 1t
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. 1t does not include electricity generated onsite. “Electricity Receipis” has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.

¢ ~Other” includes all other types of energy not already identified that respondents indicated could have been consumed in place of LPG.

¢ See Appendices A and E for descriptions of the Standard Industrial Classification system,

! Value of Shipments and Employment Size were supplied by the Bureau of the Census. See Appendix A.

*=Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Consumption Survey.”
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Table 22, Relative Standzirc Errors for Table 8

(Percent)
Quantity Switchable®
Census Region
Type of Energy and Total
Minimum Leadtime to Swiich® United States Noriheast Midwest South Wes!

Electricity Receipts® (million kilowatthours)

Lessthanoneday ......... ... ... ... . ... . ... . o 8 td 9 9 iz
Oneday throughoneweek .. ....... ... ... ... ... .......... 10 14 17 8 e
More than one week but within 30days . ... ... ........ . ........ 14 40 17 23 fd
Leadtime notascertained ........ .. ... .. ... ... ... . ... 26 Q 45 30 HE
Total . e 5 16 8 8 I
Natural Gas (billion cubic feet)
Lessthanoneday ......... ... ... 0.0 i 2 5 4 4 5
One day throughoneweek ... ... ... ... ... .. ... ... .... .. ... 3 T 4 6 ¢
More than one week but within 30 days ........................ 4 7 6 4] ¢
Leadtime notascertained . ......... ... .. . ... .. ... 5 10 9 7
Total .. . 2 4 3 3
Distillate Fuel Oil {thousand barrels}
Lessthanoneday ........... ... ... ... . .. ... 8 11 11 15
Oneday throughoneweek . ........ .. ... ... ..... .. ... .... 14 21 27 28 L
More than one week but within 30 days . ....................... 21 22 48 32 A
Leadlime notascertained .. .......... ... ... .. ... ... ... ... 13 23 27 16 38
Total . e 8 10 26 12 e
Residual Fuel Oil (thousand barrels)
Lessthanoneday ............. ... .. . ... . i 3 7 7 5 :
Cne day throughoneweek ............... ... .. .. ... ....... <] 9 13 9 i
More than one week but within30days .. ...................... 11 14 14 10 o
Leadtime notascertained .. ....... .. ... . ... . oo 27 17 20 Q 47
Total . e 3 5 8 4 L
Coal and Coke (thousand short tons)
lessthanoneday ............... ... .. ... .. i, 4 10 7 5 Hl
One day throughoneweek .. ...... ... .. ... ... .. ... ... .... 6 23 12 6 201
More than one week but within30 days .. ................. .. ... 7 33 10 W W
Leadtime notascertained ......... ... ... ... .. ... o 14 0 22 18 it
Toatal .. e 3 14 3] w Yy
LPG (million gallons)
Lessthanoneday ............ ... .. ... . . it 8 13 ] 7 il
One day throughoneweek ......... ... .. ... ... ... .. ... ... 8 W w 19 1
More than one week but within 30 days . ......... ... ... ... .... 15 23 17 Q 21
Leadtime notascertained . ......... ... .. .. ... 15 25 37 24 a2
Total ... e <] W w 12 11

2 A spacific type of energy may be switchable if the combustors had the necessary machinery or equipment in place so that the substitution could have been
introduced within 30 days, while holding outout constant, and without extensive modifications to the combustor. See Appendix A for more details. The estimates : H
quantities switchable represent the total consumption during 1988 that could have been replaced by an alternative fuel within the standard leadtime. These amuout
can also be interpreted as the amount of 1988 consumption that could have been avoided if all possible switching within the leadtime had taken place.

? “Time to switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

¢ "Elactricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption.
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities fi:s
which payment was made in kind. It does riot include electricity generated onsite. "Electricity Receipts™ has not been adjusted to account for any quantities that rnish
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for wh i g
switching status was not ascertained.

W=Withhald to avoid disclosing data for individual establishments. Data are included in higher level totals,

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Divisicn, Form EIA-846, "1988 Manufacturing Erergy
Consumption Survey.”
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Table 23. Relative Standard Errors for Table 9

(Percent)
o Census Region
Type of Energy and
Minimum Leadtime to Swiich® Total United
States Northeast Midwest South West
From Natural Gas (billion cubic feef)
Lessthanoneday ........... ... ..ot 9 21 43 11
One day throughoneweek ................ ... ............. 14 23 17 21
More than one week but within 30 days .. ............. ... ...... 10 19 16 19
Leadtime notascertained .......... ... ... ... .. ... ... 30 Q 33 Q
Total . 8 12 14 g
From Distillate Fuel Oli {thousand barrels)
Lessthanoneday ............. ... .. i a7 19 29 37 Q
One day throughoneweek .. .............. ... ... .. ......... Q Q Q 32 0
More than one week but within30days .. ... ... ... .. ... ...... 28 46 Q 41 Y
Leadtime notascertained ............... ... ... ... . ... ... 48 Q 25 * 0
. 1 18 33 32 34 Q
From Residual Fuel Oil (thousand barrels)
lessthanoneday ....... ... .. it 10 W w 14
Onedaythroughonewesk .. ............. ... ............... 20 27 Q 33
More than one week butwithin 30days ..................... ... 27 Q Q 31
Leadtime notascerfained ............... ... ... ... ... 31 35 0 35
Total .. 8 12 38 12
From Coal and Coke {thousand short fons)
Lessthanone day ..............oiiinnn i 13 34 Q W N
One day throughonewaek .................. ... .viinn... 11 20 26 w w
More than cne week but within 30 days .. ... ... ... ... ...... 28 38 38 Q 4]
leadlime notascerfained ............... ... ... ... .. ... . ... 0 0 0 0 a
Total .. e 11 23 46 9 17
From LPG (million gallons}
Lessthanoneday ........... ... .. ... .. . i, 15 * w W W
Onedaythroughoneweek ............ ... .. ... .. .. ....... Q * Q v W
More than one week butwithin 30days .. ........... ... ........ 27 Q 24 W 30
Leadtime notascertained ...... .... ... ... .. ... .. .. ... ... 45 M Q * *
Fotal e e 15 47 24 16

3 "Time to Switch” repregents the minimum leadtime required 1o convert to a primary replacement type of energy in place of the indicated type of energy.
*=Esfimate less than 0.5 rounded 1o zero.
W=Withheld to avoid disclosing.daia for individual establishments, Data are included in higher fevel totals.
=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.
Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, "1988 Manufacturing Energy
Consumption Survey.”
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Table 24. Relative Standard Errors for Table 10

(Percent)
Census Region
Type of Energy and
Minimum Leadtime to Siwitch? Total United
States Noriheast Midwest South West

From Electricity Fleceiptssb {miflion kilowatthours})

Lessthanoneday ............... ... .. . . ... ..., 6 W 10 10 Wi

One day throughoneweek .. ...... ... ... ... ... . ........ 15 W 28 8 W

More than one week but within 30days .. .................. ... 16 44 19 a1 i

Leadtime notascertained .. ........... ... .. ... ... ... ... .. 42 Q Q 34 o

Total .. . ... .. 6 23 9 9 it
From Distillate Fuel Qil (thousand barrels)

lessthanoneday ............. . ... ... .. ... oL 8 13 13 17 T

Cne day throughoneweek ... ... ... ... ... . ... ........ 17 23 30 31

More than one week but within 30days .. ....... ... ......... 24 24 Q 46 :

Leadtime notascertained ........... ... ... ... ... ... ... ... 13 22 29 17 1]

Total .. ... 7 10 21 14 E

From Residual Fuel Qil (thousand barreis}

llessthanoneday ................. ... .. .o i 4 7 8 5 i
One day throughoneweek .. ....... ... ... ... ... .......... 7 10 16 11 s
More than one week but within 30 days .. ..................... 8 15 16 11

l.eadtime notascertained .. ........... .. ... ... ... . ... 26 17 18 Q 3
Total .. ... 3 [ 7 4 4

From Coal and Coke (thousand short fons)

Lessthanoneday .............. .. ... . ... ... ... o 5 11 8 6 1
One day throughoneweek .. ....... ... ... .. .. ............ 8 W 13 8 W
More than one week but within 30days ... .................... 8 G 11 4 W
Leadtime notascertained ........... ... ... ... ... ... .. ... 13 Q 20 17 [
Total . . ... e 4 10 7 [
From LPG (mitlion gallons)
Lessthanoneday ............ ... ... ... i 8 16 9 7 14
One day throughoneweek ........... ... ..... .. .. ......... 10 17 34 21 B
More than one week but within 30 days . ................... ... 19 28 24 Q 20
Leadtime notascertained .. .......... . ... ... ... .. ... ... ... 16 b 30 29 EN
Total ... 6 12 8 13 1

2 *Time to Switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

b “Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include electricity generated cnsite. "Electricity Receipts” has not been adjusted to account for any quantities tha: migh:
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, pius an additional quantity for which 1z
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Divis'on, Form EIA-846, "1988 Manufacturing Energy
Consumption Survey."

44 Energy Information Administration/Manufacturing Fuel-Switching Capability 1988



Table 25. Relative Standard Errors for Table 11

(Percent)
Census Region
Type of Energy and
Minimum Leadfime to Switch® Total United
States Noriheast Midwest South West

From Electricity Fle(:elptsb (million kifowatthours)

Lessthanoneday .......... ... ... . ... . . ... iy 13 46 13 24 17

One day throughoneweek .. ... ... ... .. ... .. ... ......... 15 15 33 16 39

More than one week but within 30 days ... ... i8 39 20 33 50

Leadtfime notascertained .. ........ ... .. ... .. .. ... ... . . .... 38 Q 48 Q *

Total ... 10 23 13 18 25
From Natural Gas (billion cubic feet)

Lessthanoneday ............. .. ... . .. ... .. ... i 3 g 5 5 8

Oneday throughoneweek . ............. . ... ... . ... ...... 5 i0 6 8

More than one week but within 30days . ... ... ... ... .......... 4 8 7 7

Leadiime notascertained ............... .. ... .. ... .. .. .. .... 5] i4 11 i0 1

Total ... e 2 [ 4 4 5
From Reslidual Fuel Oil (thousand barrels}

Lessthanoneday .......... ... .. ... .. .. .. ... ... ... . ... 9 i7 i5 ig 16

One day throughoneweek .. ... .. ... ... ... ... .......... 8 i3 3o 11 15

More than one week but within 30 days . .......... ... .......... 10 i3 20 11 44

Leadfime notascertained ............... .. ... ... ... .. .. .... 39 34 28 Q 27

Total ... 6 8 14 8 16
From Coal and Coke (thousand short tons)

Lessthanoneday .......... ... ... ... . ... ... ... 5 W 8 kS W

Onedaythroughoneweek ............. ... ... ... .. ... ..... 8 w W iz W

More than one week but within 3G days . ......... ... ... ... ... ... g i8 21 11 19

Leadiime notascertained ............... .. ... .. ... .. .. .. .... 20 G W 28 4]

Total e <] 14 7 8 17
From LPG (million gallons}

Lessthanoneday ......... ... .. .. ... . . i 18 i0 2% 16 22

One day throughoneweek ....... ... .. ... ... ... ............ 18 41 28 34 23

More than one week but within 30 days .. ... ... ... ........... g 18 17 18 17

Leadtime notascertained ............... ... ... ... ... ... .... 32 * Q a8 *

Total ... ... g 12 18 12 15

2 'Time to Switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

b “Electricity Receipts” represents those guantities of electricity generated off the manufaciuring establishment site and available at the site for consumption. |t
includes those quantities for which payment was made, quantilies transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It doss not include electricity generated onsite. “Electricity Receipts® has not been adjusted o account for any quantities that might
have been resold or ransferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained.

*=Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent, Data are included in higher leve! totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-848, 1888 Manufacturing Energy
Consumption Survey.”
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Table 26. Relative Standard Errors for Table 12

(Percent)
Census Region
Type of Energy and
Minimum Leadtime to Switch® Total United
States Northeast Midwest South West

From Electricity Fleceiptsb {million kilowatthours)

Lessthanoneday .......... ... ... .. .. ... . i g 15 16 19 11

One day throughoneweek . ........ ... ... ... ... ... . ....... 9 W 15 10 W

More than one week but within30days .. ........ ... ... .. ....... 16 W 19 26 W

Leadtime net ascerfained .. .......... ... ... .. ... ... .. . ... 50 Q Q Q &}

ot e 7 14 10 13 i
From Natural Gas (billion cubic feet)

lessthanoneday ........... ... ... . ... ... .. .. . ... 3 7 5 5 [

Onedaythroughoneweek . ... ... ...... ... ... .. ... ... .. .... 4 9 6 7 é

More than one week but within30days .. ........... ... .. ... ... 5 13 8 8 1&

Leadtime notascertained .. ............ .. ... ... . .. ... ... 7 15 13 12 16

Total ... 2 5 4 4 &
From Distillate Fuel Oil (thousand barrels)

Lessthanoneday ............. .. .. i i 15 3z Q 28 20

One day throughoneweeK .. .......... ... .. ... ... ......... 30 26 w 47 W

More than one week but within 30 days .. .......... ... ......... 29 28 Q 24 W

Leadlime notascertained .......... ... ... .. ... .. ... ... 3 40 42 32

Total .. 20 21 Q 20 6
From Coal and Coke (thousand short fons}

Lessthanoneday .......... ... ... .. .. . . ... . oo, 6 w 13 7 W

Ore day throughoneweek . ........... ... ... ... .. ......... 7 27 13 7 26

More than one week but within30days . ........................ 10 w 20 11 W

Leadtime notascertained .. .............. . .. .. ... .. ... 14 Q 21 16 0

Fotal .. 4 16 9 5 14
From LPG (miilion gallons)

Lessthanoneday ............. ... ... ... ... ... ... 10 v 13 18 1

One day throughoneweek . ............... ... ... ... .......... 16 0 18 w WA

More than one week but within 30days . ..................... ... 15 28 23 w W

Leadtime notascertained .. ........ ... .. .. ... . . * 0 0 . |

Total .. . 8 25 11 12 1a

2 *Time to Switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

Y "Electricity Receipts” represents those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities that rnight
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which 1tz
switching status was not ascertained.

*=Estimate less than 0.5 rounded to zero.

W=Withheld 1o avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EJA-846, 1988 Manufacturing Energy
Consumption Survey.”
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Table 27. Relative Standard Errors for Table 13

(Percent)
Census Region
Type of Energy and
Minimum Leadtime to Switch? Total United
States Northeast Midwest South Waest

From Electricity Rla(:eiptsb {million kilowatthours)

Lessthanoneday ............. . ... .t 10 25 19 W W

Oneday throughoneweak .......... . ... ... ... ... ...c.... 18 W W 12 0

More than one week but within 30 days .. . ... ... ... .. ... ... 36 Q Q 45 Q

Leadlime notascertained ........... .. ... .. .. ... ... .. .. ... W 0 0 W 0

Total .. 11 W 25 12 W
From Natural Gas (billicn cubic feef)

Lessthanoneday ........... ... .. .. ... .. ... ... i 8 17 8 9 16

Oneday throughoneweek . ... .. ... ... .. ... ... ......... 10 Q 13 i5 W

More than one week but within30days .. ...................... 9 W 14 12 W

Leadlime notascertained . .......... .. .. ... ... ... ... i8 27 19 356 N

Total 5 14 7 8 12
From Distillate Fuel Qil (thousand barrels)

Lessthanoneday ............... ... ... .. .. ... . .. ... 16 Q 26 22 25

One day throughoneweek .. ........ .. ... ... ... ... ...... Q Y] Q * 0

More than one week but within 30 days .. ...... ... ... ... .. ... 32 G Q 43 G

Leadtime notascertained ........... ... ... ... .. .. ... ... .. Q Q w 28 0

Total . ... e 18 37 26 27 24
From Residual Fuel Qil {thousand barrels)

Lessthanoneday ........... ... ... ... .. ... .. . ... 8 18 17 11 16

Cne day throughoneweek ............... .. ... ... ... ...... 13 W W 13 W

More than one week butwithin 30 days .. ...................... 16 W w 37 0

Leadtime notascertained ............... ... ... ... ... . ..... ¢ Q 47 48 0

Total .. e e 7 14 18 8 15
From LPG (million gallons})

Lessthanoneday .......... ... .. ... .. .., W 0 w * W

Onedaythroughoneweek ............... ... .. ............. Q * Q 0 o]

Mora than one weekbutwithin 30days . ....................... ¢ * . * 0

Leadtime notascertained .. ......... .. ... .. ... ... ... .. .... - 0 0 0 *

Total ... . 25 ‘ w . w

a "T:me to Switch” represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

"E(ectncxty Receipts” represenits those quantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, quantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does rot include electricity generated onsite. “Electricity Receipts"” has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those quantities that were ascertained switchable or not switchable, plus an additional quantity for which the
switching status was not ascertained,

*=Estimate less than 0.5 rounded to zero.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Form EIA-846, 1988 Manufacturing Energy
Consumption Survey."
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Table 28. Relative Standard Errors for Table 14
(Percent)

Census Region

Type of Energy and
Minimum Leadtime to Switch® Total United
States Northeast Midwest South West

From Electricity Ret:eiptsb (million kilowatthours)

Lessthanoneday ........ ... .. ... . .. ... .. ... 10 W w 186 14
One day throughone week . .............. ... ... ...... 11 W w 13 TE
More than one week but within 30days .. ...................... 23 Q w 46 3¢
Leadtime notascertained ......... ... ... ... .. .. ... ... ... 47 Q Q 40 b
Total .. 12 28 18 28 14
From Natural Gas (billion cubic feet)
lessthanoneday ............ ... ... .. . . i 4 10 5 7 o
One day throughoneweek .. .............. ... ... . ......... 7 13 8 8 1
More than one week but within 30 days .. ...................... 5 12 8 7 1
Leadlime not ascerfained .. ........... ... ... .. ... 7 19 14 12 1o
Total . 3 6 4 5 i
From Distillate Fuel Qil (thousand barrels)
Lessthanoneday ............ .. . ... . 14 18 21 23 24
Ons day throughoneweek . ................................ 16 30 w 30 W
More than one week but within 30days . .................... ... K} 26 Q 35 W
Leadtime not ascertained . ............ ... ... ... . ... .. .. 27 45 Q 39 G
Total . . .. 20 20 Q 26 15
From Residual Fuel Qil (thousand barrels)
Lessthanoneday ............. ... .. ... . . ... ... g 19 14 21 1
One day throughoneweek .. ........... ... ... ... .......... 12 W 19 19 i
More than one week but within 30days . ... .................... 10 W 18 17 i
Leadlime not ascerfained .. ........... .. .. .. ... ... .. 0 0 Q i
Total .. 7 13 11 12 i
Frorn Coal and Coke (thousand short tons)
Lessthanoneday ............ ... ... . ... . ... ... ... 18 0 w W 3
One day throughoneweek .. ... ... ... .. ... ... ........... 20 w W w 7
More than one week but within 30 days . ........... ... ... ... ... 20 17 16 30 [y
Leadtime not ascertained . ........... ... . ... ... . .. ... . ..., 22 Q W 0 b
Total e 14 17 13 22

4 Time to Switch" represents the minimum leadtime required to convert to a primary replacement type of energy in place of the indicated type of energy.

% “Electricity Receipts” represents those guantities of electricity generated off the manufacturing establishment site and available at the site for consumption. It
includes those quantities for which payment was made, quantities transferred in, guantities purchased and paid for by a central purchasing entity, and quantities for
which payment was made in kind. It does not include electricity generated onsite. "Electricity Receipts” has not been adjusted to account for any quantities that might
have been resold or transferred out. The estimates include those guantities that were ascertained switchab'e or not switchable, plus an additional quantity for which t~e
switching status was not ascertained.

W=Withheld to avoid disclosing data for individual establishments. Data are included in higher level totals.

Q=Withheld because Relative Standard Error is greater than 50 percent. Data are included in higher level totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Energy End Use Division, Formn EIA-846, "1988 Manufacturing Energy
Consumption Survey."
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4. Switching capability would be collected for the one-year reference period used for MECS consumption
data, to tie in with the consumption data and avoid seasonal bias.

5. The survey would measure short-term response capability; that is, actions that could have taken place
within 30 days of a decision to switch.

6.  Switching capability would reflect the total flexibility provided by an establishment’s equipment
configuration. Both multiple-fired equipment and redundant or backup equipment could contribute
to capability.

7. The survey would measure in-place capability; that is, capability provided by equipment that was
already installed, or was available at the establishment for installation during the reference period.
Major modifications to the design capabilities of equipment and major capital expenditures were not
to be considered in assessing capability.

8.  Switching capability would be valid only if, following the switch from one type of energy to another,
the establishment would have been able to maintain its actual production schedule during the reference
period.

9. Switching capability provided by an establishment’s equipment configuration could be limited or
negated by legal or practical constraints such as binding supply contracts, interruptible service,
environmental regulations, or unavailability of supply or delivery systems for a potential alternative.

10. Economic considerations were not to be considered a practical constraint in evaluating switching
capability. The survey was designed to measure potential response to changes in economics or supply
patterns.

The MECS obtained fuel-switching data by asking respondents to determine the amounts of 1988 energy
consumption of six major types of energy that could have been switched to one or more alternatives in
accordance with the previously listed principles. The six types of energy were purchased electricity, natural
gas, distillate oil, residual oil, coal and coke combined, and LPG. (For the 1985 survey, LPG was not one of
the major energy sources for which fuel-switching data were required.) Respondents were directed to provide
the quantities of switchable consumption by subtracting the quantities that were not switchable from the
quantities that were actually consumed during 1988. Such an approach is clear and saves burden on the
respondent because it permits subtracting those quantities known to be nonswitchable because of any one of
the various conditions discussed above, rather than adding up those quantities for which all aspects of the
concept are satisfied. Once the total switchable quantities had been determined, the remaining task was to
determine how much of each switchable quantity could have been replaced by specific alternatives.

Description of the Manufacturing Sector

The manufacturing sector consists of all manufacturing establishments in the 50 States and the District of
Columbia. The working definition of an establishment is the definition stated in the Office of Management
and Budget’s Standard Industrial Classification (SIC) Manual.

... an establishment is an economic unit, generally at a single physical location, where business
is conducted or where services or industrial operations are performed...

Where distinct and separate economic activities are performed at a single physical location
(such as construction activities operated out of the same physical location as a lumber yard),
each activity should be treated as a separate establishment where: (1) no one industry
description in the classification includes such combined activities; (2) the employment in each
such economic activity is significant; and (3) separate reports can be prepared on the number
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(SIC 31), the percentage difference is much larger. In SIC’s dominated by large establishments, such as
Chemicals (SIC 28) and Pulp and Paper (SIC 26), the coverage difference is negligible.

The 1988 MECS collected both consumption-related and fuel-switching data on the same questionnaire. Thus,
no establishments were excluded beforehand from responding to the fuel-switching portion of the
questionnaire as was the case in 1985.”

As mentioned in the Introduction to this appendix, the Bureau of the Census serves as the collecting and
compiling agent for the MECS. A major responsibility of the Industry Division of the Census Bureau is to
conduct the Census of Manufactures (CM) and the Annual Survey of Manufactures (ASM). The CM is
conducted for years ending in "2" or "7" (for example, 1982), and obtains economic data for the complete
universe of approximately 350,000 manufacturing establishments in the United States. For the purpose of data
collection, the CM universe is divided into two major subsets as follows:

1.  Small Single-Establishment Companies Not Sent a Report Form. These companies are excused from
filing a CM report. Generally, those with less than 5 employees are excused while all with more than
20 are mailed report forms. Those with 5 through 20 employees are ¢xcused or sent a report form
based on the magnitude of their annual payroll and shipments data. Approximately 125,000
establishments are excused due to this criterion.

2. Establishments Sent a Report Form. The remaining manufacturing establishments in the universe are
sent a report form.

The ASM is conducted during non-CM years to provide estimates of economic characteristics for the universe
of manufacturing establishments. As with the CM, the ASM contains two components. The mail portion is
a probability sample of manufacturing establishments selected from the list of establishments that are sent the
CM report form (see above). Those establishments are weighted so that they represent the mail portion of
the CM universe. The second component of the ASM is the nonmail portion of the CM. These small
establishments are not sent an ASM questionnaire, but their contribution to economic statistics is estimated
based on selected information obtained annually from other Federal agencies.

The approach to building a sampling frame for the 1988 MECS was to update the 1985 MECS frame for
changes in the population since that time. This was accomplished by the following means:

m  The 1987 Census of Manufactures (CM) mail file list was separated into two groups according to
whether an establishment was in operation before 1984.%

m  The establishments in operation before 1984 were represented by 1985 MECS sample establishments
that were still in operation when the MECS was mailed in 1989. This was done by retaining 1985
MECS sample establishments that were matched to the 1987 CM list. This group of establishments,
called the holdover sample, retained the sampling weights based on their probabilities of selection for
the 1985 MECS. (See "The Estimation Process" in this appendix.)

m A supplemental sample was drawn directly from those establishments on the 1987 CM list that came
into existence after 1984. Together with the holdover sample, this supplement updated the sample to
represent the 1987 CM mail file.

%2For the 1985 MECS fuel-switching supplemental questionnaire, MECS respondents to the consumption questionnaire were
excluded if (a) they did not return their consumption report in time for the fuel-switching questionnaire, and (b) they reported only
consumption of electricity. See Energy Information Administration, Manufacturing Energy Consumption Survey: Fuel Switching 1985,
DOE/EIA-0515(85) (Washington, DC, 1988).

BThe year 1984 was used as a cutoff because establishments that began operation during that year were omitted from the 19835
MECS sample.
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by the Bureau of the Census. Thus, a final sample of 12,200 establishments were mailed a questionnaire. Of
these, usable responses were received from 10,650 or 87 percent of those establishments. However, those
respondents represented 96 percent of the total unweighted value of shipments and receipts of the final
sample.

Fieldwork, Editing, and Quality Control

The 1988 MECS used customized questionnaires (see Appendix D) for specific industries, with similar energy
consumption characteristics. The three questionnaires were:

®  Form EIA-846(A). This questionnaire was sent to the majority of the sample and was used to collect
the basic consumption, expenditure, and fuel-switching information.

®  Form EIA-846(B). This questionnaire was sent exclusively to establishments in the petroleum refining
industry (SIC 2911). The design of the questionnaire took advantage of the fact that other EIA surveys
collect certain consumption and expenditure data from the refinery population. Thus, the EIA-846(B)
did not require respondents to report on particular data items. The questionnaire also was used to
collect data on nonfuel use and shipments of energy sources from adjoining petrochemical plants.

®m  Form EIA-846(C). This questionnaire was sent to establishments in the blast furnaces and steel mills
industry (SIC 3312), producers of chemicals and allied products (SIC 28}, and producers of petroleum
and coal products other than petroleum refiners (SIC 29 excluding SIC 2911). It is identical to the
EIA-846(A) except that the questionnnaire was used to collect additional information on shipments
of energy sources produced onsite.

The questionnaires were mailed to the inscope MECS sample establishments on June 15, 1989. Returned
questionnaires were subjected to initial screening procedures for completeness. Forms that were incomplete
or that contained responses with obvious inconsistencies were set aside for review by industry specialists. Valid
returned questionnaires were forwarded directly to check-in and then to data entry.

All forms that failed the initial screening procedures were carefully reviewed by industry specialists from the
Census Bureau and EIA. The specialists obtained missing data and verified questionable items by telephone
contact with the individual who completed the questionnaire. Once the forms were completed and verified,
they were forwarded to check-in and to data entry.

The resulting MECS data file was then subjected to a series of computer edits. These edits included
consistency checks against data items from other parts of the MECS and the 1988 ASM, as well as checks for
outliers in the distribution of individual variables. Records with failed edits were reviewed and followed up
by industry specialists.

Development of the Data File

The estimates in this report were developed from a data file consisting of directly reported values and of more
complex measures derived from a combination of directly-reported values. The data relevant to the fuel-
switching tables are for the most part aggregates of directly-reported values. The one exception is Table 8,
which summarizes minimum leadtime necessary to switch from various fuels. These data were formed by an
iterative process described in the section titled "Survey Estimates”.

Reported values for fuel consumption and fuel switching consist of responses to the 1988 MECS questionnaire.
The responses to the questionnaire for each responding establishment were supplemented by the following

economic data:

®m  Value of shipments and receipts
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Y//=Y/_XI+X’ (2)

where Y” is the adjusted ASM value, Y’ is the ASM sample estimate for the current year, X’ is the ASM
sample estimate for the Census yeat, and X is the Census total for the Census year.

As all ASM quantities are also collected by the CM, the ASM coverage adjustment can be done in summation
form, customized to individual ASM variables. In order to have the MECS sample represent the 1988 MECS
population as closely as possible, analogous adjustments for the MECS data items would be desirable.
However, most data items collected by the MECS are not included on the CM. Data items included in the
MECS are related to energy consumption and fuel switching, while ASM and CM data items are economic
in nature. Therefore, a simple difference for corresponding items cannot be used to adjust MECS data as was
done for the ASM data. Rather, a single measure collected on both the CM and the MECS was used to ratio-
adjust all the MECS data items. The measure chosen was cost of fuels as it has shown a high correlation with
energy consumption in the past.*

Each MECS nonresponse-adjusted weight was thus further adjusted by multiplying the weight by the ratio of
cost of fuels as measured by the 1987 CM to the 1987 cost of fuels estimate based on CM reported data, but
restricted to MECS respondents. This ratio was computed for each of the 30 MECS sampling strata (20 two-
digit industry groups and 10 four-digit industries). The ratio adjustment to the MECS weights takes the
following form:

CH

Y (CF, P
R= —ud 3)
s MECS

z{: (NW,CF,)

where R, is the adjustment to the MECS nonresponse-adjusted weight in stratum s, CF,; is the 1987 cost of
fuels value for establishment j in stratum s from the 1987 CM, NW,; is the nonresponse-adjusted 1988 MECS
weight for establishment ¢ in stratum s, and CF,; is the 1987 cost of fuels value for 1988 MECS sample
establishment i in stratum s. The final adjusted weight for MECS respondents is its nonresponse-adjusted
weights multiplied by the appropriate value of R,. That is,

W, = RNW,, @

3,

where W, is the final adjusted MECS weight for establishment ; in stratum s, R, is the ratio adjustment based
on cost of fuels for stratum s, and NW,; is the nonresponse-adjusted weight for establishment { in stratum s.

As was discussed in "The Sampling Frame and Its Relationship to the Manufacturing Sector," the adjustment
of the sampling weights according to Equation (3) extends the MECS sample coverage to the entire
manufacturing sector. This was not the case for 1985 when no CM-based ratio adjustment was performed.”
The CM totals for cost of fuels includes the nonmail file imputed totals for cost of fuels as well as the mail
file totals. Hence, by using the adjustment described in Equation (3), nonmail cases are also covered by the
MECS.

%Correlation coefficients between 1981 ASM establishment values of total purchased fuels and clectric energy and the cost of
fuels and electric energy ranged from .78 to .98 within two-digit SIC categories. (Unpublished document, U.S. Department of
Commerce, Bureau of the Census.)

%7 The 1985 and 1988 MECS samples were both based on the 1982 CM file, augmented with updates to represent subsequent
population changes as well as possible. Because the elapsed time between the 1985 MECS and the 1982 CM was shorter, there was
less coverage degradation in the first cycle. As the 1987 CM and the 1988 MECS covered the saine population, the adjustment
described in Equation (3) is a natural one. However, there were no corresponding Census data available to adjust the 1985 MECS.
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electricity leaving the establishment site® When considering fuel-switching capabilities, total electricity
receipts is & more meaningful quantity than total electricity consumption. A respondent who has onsite
generation of electricity has, more than likely, used an additional amount of a combustible energy source to
operate the generator. It is a valid question to ask, "how much of that self-generation is replaceable by
electricity receipts?" However, it is more reasonable and of greater interest to collect the fuel-switching data
for the fuel used to generate the electricity by asking respondents to show the quantity of electricity receipts
that could replace the combustible fuel.

In Tables 2 through 7, the estimates provided in the columns labeled "alternative types of energy” should be
read independently because respondents were instructed to enter the maximum amount of the quantity of the
energy actually consumed, which could have been replaced by a given alternative. For example, Table 3 shows
that for Paper and Allied Products (SIC 26), a total of 237 billion cubic feet of natural gas was ascertained
switchable. Electricity receipts could have replaced 12 billion cubic feet of that quantity. The other
replacement quantities are distillate fuel oil, 90 billion cubic feet; residual fuel oil, 151 billion cubic feet; coal
and coke, 20 billion cubic feet; LPG, 12 billion cubic fect; and other, 3 billion cubic feet. Because each value
represents the maximum quantity of natural gas that could have been replaced, their sum exceeds the total
quantity of natural gas that was ascertained as switchable. This difference indicates that some establishments
had more than one type of energy that could have been substituted for natural gas usage during 1983,

Table 8 presents estimates of the 1988 quantities of specific types of energy that could have been switched to
an unspecified alternate energy type, categorized by the time required to make that switch. Each potential
switch on the questionnaire had an associated leadtime.® The quantities in Table 8 represent the minimum
leadtime for any possible switch out of an energy source. For cases in which a respondent had two or more
possible alternatives that could substitute for the energy source under consideration, the fuel-switching
capability was allocated in order of the descending leadtime to switch. For example, if a respondent indicated
that the substitutable natural gas consumption could be switched into distillate fuel oil or LPG, the
substitution that could be made within the shortest leadtime would be counted first. The remaining switchable
natural gas consumption (if any) would be covered by the second alternative and assigned that leadtime. If
there are more than two alternatives, the process is done iteratively in this fashion until the entire amount of
switchable consumption is covered. This process ensures that the sum of the quantities of switchable fuel
categorized by leadtime would exactly equal the total switchable consumption. (The total amount of switchable
fuel is less than or equal to the sum of the quantities of replacement fuels). In addition, this process
minimizes the overall leadtime of switching out of a fuel. It is based on the assumption that manufacturing
establishments will make the most rapid substitution possible in a time of emergency.

Tables 9 through 14 present estimates of leadtimes to switch into the energy source under consideration from
the major energy sources. The totals represent aggregations of specific cells on the fuel-switching section of
the questionnaire. Each substitution is counted without regard to whether the substitution can be done
simultaneously with another switch. This is not a problem as long as the totals are considered independently
of each other. For example, if a respondent indicated that both coal and natural gas could be replaced by
purchased electricity, both amounts would be counted in the Table 9 quantities under the appropriate fuel
subtotals. It is conceivable, although not measurable by the current design of the questionnaire, that all or
part of the switching from one of the fuels into electricity could not be accomplished if the switch from the
other had occurred. In other words, the totals represent the amount of switching from one fuel into another
if all other switching had no bearing on the outcome. This same assumption was used for developing the
maximum consumption estimates in Table 1. Indeed, if the totals in Table 9 were converted to million

3The quantity of electricity used for fuel switching in the 1988 MECS differs from the one used for the 1985 MECS. The 1985
MECS excluded transfers in as well as the other quantities mentioned leaving only purchased electricity. The fuel-switching
information was gathered separately from the consumption data in the 1985 MECS. This situation necessitated pre-printing
consumption data on the fuel-switching questionnaire before mailout. Hence, electricity purchases were chosen to facilitate a timely
mailout and to present the respondent with an easily recognizable quantity.

“In the 1985 MECS, leadtime data were collected only for the primary replacement fuel (i.e., the replacement fuel of greatest
magnitude). For the nonprimary replacement fuels, leadtimes were not assigned. If two or more replacement fuels were of equal
magnitude and no other replacements were larger, respondents were instructed to indicate the leadtime for the substitution that could
have been made in the shortest time.
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Appendix B
Qualzty of the Data
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The estimates in this report can be used to. produce proportion statistics based on the ratio of various
estimates reported in the tables. Proportions are not given in the detailed tables but can be used to clarify
the analysis. A proportion is a statistic of the form

) 4
P==, ©)
X

where ¥ and X are survey-based estimates of aggregate parameters Y and X, respectively, and characteristic
X "encompasses” characteristic Y. That is, each population e¢lement (and, thus, each sample case) that
contributes to Y also contributes to X, and the value of X for each element is greater than or equal to the
value of Y.

The RSE’s of aggregate statistics shown in Tables 15 through 28 can be used to produce approximate errors
for proportions. The straightforward additive error formula shown in Equation (5) gives rise to a similarly
straightforward upper bound approximation to the error of an estimated proportion. The approximation can
be expressed in terms of relative error as:

RSEP) < JIRSEQDY » (1 - 2B) + [RSEQDP . @

Justification for this formula is found in the MECS methodological report.

Nonsampling Errors and Bias
Nonsampling errors that affect MECS survey data can be divided into four major categories:
u  Operational errors, including editing, coding, and tabulation errors,

m  Errors of measurement, including a lack of precision by the respondent, failure of the respondent to
understand instructions, etc.,

n  Errors of estimation, including the assumptions underlying the values for maximum consumption,
m  Errors of nonobservation, including nonresponse and noncoverage.

These errors are collectively referred to as nonsampling errors because they are not related to the sampling
process, and thus would be equally likely to occur in a complete census or a sample survey.

It is felt that operational errors are not a major concern for the estimates included in this report. The quality
control procedures that were employed for check-in, editing, coding and keying the returned questionnaires
(see Appendix A) are standard procedures that are in place at the Bureau of the Census and have withstood
the test of time. Data tabulations were verified by comparing marginal totals in tables generated from files
supplied to EIA with corresponding totals generated directly from microdata files held at the Bureau of the
Census.

Errors of measurement are a concern in any data collection activity. The survey results for the MECS were
subjected to extensive editing procedures that were specifically designed to detect errors of measurement.
Failure of any of these tests for reasonableness and consistency resulted in the respopndent being called by
an analyst familiar with manufacturing processes and energy use. Major errors, including omissions and
misreporting by orders of magnitude, were corrected. No editing procedure is capable of identifying all
measurement errors, however, and some small errors will remain. To the extent that these errors are due.to
random, rather than systematic misjudgments, they are compensating in the aggregate totals presented in this
report, and it is believed that there are few large systematic biases that result from them.
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The cost-of-fuels ratio adjustment was a correction for differential changes in the MECS sample and the
population which it represents. The comparison of the 1988 MECS estimate to the 1988 ASM estimate for
electricity receipts indicated that the adjustment benefitted that MECS estimate. The expectation is that at
the stratum by United States level and the region total level, the adjustment will provide large benefits. Most
benefitted at these levels are the estimates for each of the major fuel consumption categories as each of these
is expected to have a high correlation with cost of fuels. |

The level of improvement at the region by stratum level is unclear. Within a stratum, the same cost of fuels
ratio was used for each establishment. Thus, it is possible that for some estimates at the regional level the
adjustment might have done more harm than good. EIA weighed this possibility against the expected benefits
at the national level and decided to use the adjustment.

More detailed information on sources of nonsampling error in the MECS can be found in the methodological
report.*

“Energy Information Administration, Manufacturing Energy Consumption Survey: Methodological Report 1985, DOE/EIA-
0514(85). '
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for the industrial sector surveys is an energy supplier—for example, a utility. The estimates represent deliveries
to customers, which may not be the same as consumption by establishments. Morcover, the designation of a
customer’s account by an energy supplier is frequently based on the rate class to which a customer belongs
rather than direct knowledge of a customer’s type of operations. Therefore, it is likely that some "industrial”
customers are, in fact, classified as "commercial,” and visa versa, depending on their rate class. In addition,
there are other differences that are specific to individual energy sources.

Electricity. The estimates of electricity from the MECS* represent "net electricity,” defined as the sum of
purchases, transfers in, and generation from noncombustible renewable resources, minus the quantities sold
and transferred out. Net electricity does not include electricity inputs from the onsite cogeneration or
generation of electricity from combustible fuels. The estimates of electricity appearing in the Monthly Energy
Review® are taken directly from the Electric Power Annual®. This estimate represents sales by electric
utilities to industrial customers. Thus, in addition to the major differences outlined above, the estimates differ
in the definition of electricity.

Natural Gas. The estimates of natural gas from the MECS represent consumption as a fuel and a raw
material input by manufacturers. The estimates appearing in the MER represent sales to customers in the
industrial sector and would also includes natural gas consumed as a fuel and raw material input. The MER
estimates are taken from the Natural Gas Annual and represent the sum lease and plant fuel consumption and
deliveries to industrial customers.” Lease and plant fuel is consumed primarily at natural gas extraction sites,
which are excluded from the MECS because they are classified as mining establishments.

Coal. There are numerous differences between the estimates of coal consumption as reported by the MECS
and the Quarterly Coal Report. The estimates of coal consumption at manufacturing plants in the Quarrerly
Coal Report® are the only non-MECS estimates that are based on a survey of manufacturing establishments.
Therefore, the difference between the MECS estimates and the estimates in the Quarterly Coal Report cannot
be attributed to sectoral coverage or to the collection of delivery data rather than consumption data. There
are, however, other differences between the two series. The MECS estimates include the coal consumed as
a raw material input at coke plants. Coking coal is excluded from the manufacturing plant estimates in Table
30 of the Quarterly Coal Report and shown separately in Table 23 of that report. The sum of these two
Quarterly Coal Report estimates is included as the industrial sector estimate in the MER. Moreover, the coal
consumed at coal gasification projects in included in the manufacturing plant estimates appearing in Table 30
of the Quarterly Coal Report. These estimates are excluded from the MECS because such plants would be
classified in the mining sector. Finally, the estimates for manufacturing plants appearing in Table 30 of the
Quarterly Coal Report include the coal consumed at electric generating facilities owned by manufacturing
plants, but not located on a manufacturing establishment site. These establishments are excluded from the
MECS because, according to the Standard Industrial Classification Manual, such operations are not classified
as manufacturing, but as "electrical services” (SIC 4911).%

“Energy Information Administration, Manufacturing Energy Consumption Survey, Consumption of Energy 1988, DOE/EIA-0512(88)
(Washington, DC, May 28, 1991), Table 1.

“Energy Information Administration, Monthly Energy Review, DOE/EIA-0035(91/05) (Washington, DC, May 1991), Table 2.4.

4‘;Enelfgy Information Administration, Electric Power Annual 1988, DOE[EIA-0348(88) (Washington, DC, December 1989), Table 19.

4713n¢:rgy Information Administration, Natural Gas Annual 1988, Volume 1, DOE/EIA-0131(88)/1 (Washington, DC, October
1989), Tables 16 and 17.

Energy Information Administration, Quarterly Coal Report, October - December 1959, DOE/EIA-0121(89/4Q) (Washington, DC,
May 1990), Table 30.

A special analysis was undertaken to determine which MECS manufacturing establishments received electricity from company-
owned, offsite generation facilities. These identified generating facilities were then matched to the respondents to "Quarterly Coal
Report—Manufacturing Plants,” Form EIA-3. The coal consumed by these identified generating facilities accounted for much of the
difference between the MECS estimates and those appearing in the Quarterly Coal Report. This analysis provided additional evidence
that the separate estimates are, indeed, correct, given the populations that the respective surveys are intended to cover. Specific
results of this analysis cannot be published because of the confidentiality provisions under which the MECS was conducted.
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1988 Manufacturing Energy Consumption Survey
Form EIA-846A (Continued)
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1988 Manufacturing Energy Consumption Survey

Form EIA-846A (Continued)

; Section Il — FUEL SWITCHING

Itemn description
)

l Electricity
{ov (2

Total coal and coks
458 13)

1. Quantity consumed — Copy the 10tal electricity
receipts from line 4 of section !, and the quantities of
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Kilowatthours *
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“8a. Of the smount shown in line 3, what is the maximum Kilowatthours v Short tone
amount that could have besn replacad by residual
fuel oit?
umummm«immqmmomkem 1UlLess than 1 day 10 Lesa than 1 day
switch to residual tuel ol 2001 doy 0 1 week 2001 day 101 week
300 More than 1 week but within 30 days 3] Mora then 1 week but withi 30 deys
“T0u. Of the amount shown in fine 3, what is the maximum Kilowatthours $hort tons
asmount that could have been replecsd by any other
anergy source? identify that snergy source. 7
106. What is the minimum lead time required to make the
o loed g 18me1a.y 10 teas then 1 day
snergy 2[11 day 10 1 week 2[1 dey 1o 1 woesk
30T More than 1 week but within 30 days 3] Morn than 1 week but within 30 deys
FORW CAG48A (61491

Page 4
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Diatitate fusloh < ] LPG S5 Resldual fued olf

) I . AIR gis {2

Barreis R Gallons ., Barrals

Barrels Galinns Sarrols

Barrels - : Gatlons Barrgls

Barrels T Gallons. Barrels
1 oss then 1 day B +ElLass then 1 dey " lass then 1 doy
2034 day 10 1 waek o 200 day to 1 week 2L31 day 10 1 weok

vmhn&)days GDMmummlwkwmm ’yl 3Dltornhmlweekbmwnmn30hyi :gE]ummmtmwwmsom

Barfoh s T Gallons Barrels
100 tess than 1 day et 1Dtmmm1day 10 vessthen 1 doy
20731 doy v + week : 11 day to 1 wesk 2 i day to 1 woek
£ 30 davs 3] Mors than 1 woek bt withi 30 deys- 3L Morm than § wek but within 30 days L3 ora than 1 week but within 30 daye
Barrels . Gallons Barrele
|Dmm1m . 'lmuwthmldlv IDLuuhianuv
2001 dey 10 1 week e 21 day ot waek 2011 dey 101 week
3Dw-mzmmmwam aﬁummmwmmnwmmaomn 3l TMora then 1 woak but within 30 daye
Gallona Barrels
1DLm«mn1day i Lensthan 1 dey
211 day 01 week 261 day to 1 week
3L TMore than 1 week but withic 30 days sﬂmmmimmmaom
Butrels Barrals
100 Leas than 1 day : 1] ows ehan 1 cay
2001 day to 1 week e 2By 101 woek
e 30dsys. 3T Miorethan 1 waak but it 30 0y ) 3E]mnmm1mmmsom
Barrels BB Galions
|DLunhmldav
N FIm dsy 10 § woek
30 deye 3DMMM1MM‘
Barrely Gallons Berrals
1 tess then 1 aay 7Duumlniday

2l day 101 week

i ¥day 1o 1 week zl:]wmnwuk
in 30 days JDMornhm!wukbmwnhhaom aauorethmiwoekbmwnhmwdm zl:]_nmmmwmm\uwaodm

i'uge B
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1988 Manufacturing Energy Consumption Survey

Form EIA-846A (Continued)

Section IV — REMARKS -- Floase use this space or attach a nparara ahoel for any vxphnmona thatmaybc sssential
in undemandmg your reportad dats. Be sure to mclude the name, enserating

of your y that tr ity arsrum to youralubhshmenr in 1388 if you did

not have enough room in 3e¢tion ).

Section V — CERTIFICATION — The data in thia repott have been prop

din ¢ with the
sme of person to contact regarding this report — mmx

Ares code  Number

Extansion
Telephone
Address — Number and street FROM: ™Mo, Day "~ TYear
Period coversd | !
bythiereport  TO: ‘1Mo, LDav ) Year
{ 1
City State ZIP Code Signature of authorized person Date
R BASRA TN P;o- P
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U8 DEPARTMENT OF COMMERCE
o : BUREAU OF THE CENBUS

- <re engaged in separate or ot
units may be separated physice

Energy. The survey is being -
; cog:\;)&odbytheus Bureau

as energy prices, electrl
‘and fusl-switching capabciﬁgel

and: under the Faderal Ene
\otof 1974, P.L. 93-275,:and
title B of the Omnibus Budg
19886, Public Law 95 ;

] eatablishmoms

‘survey and receiving the:
ed by law. Fallura'to maaond
inal fines, civil penatties; and ¢

the 13, U.S. Code, yourreport:
-is confidential. Itmuybem

_nergy scurces, in parti

stasm generated onsite by renev
. Golumn 4 collects date on hot witer purchased for

ambllshment site.

Ny :
y conuin of one or more mmthat -

- :Survey of Menufactures
-eonducted by the U.S, Ci

gstablishment boundaries
those used for the ASM,

quonionnulrs malling

- malling lsbel, Responses to MECS questions should

nclude the sama activiti those considered
rasponding to the ASM, if this

‘astablishment has never compléted an ASM, report

for sl sctivities that oceur this physical location.

LE ENERGY

* Energy sourcas used in manu(pcmnng can be divided

Into two grotips: comblstible (capable of being
burned), and noncorbul
staam, and industriald The purposs of
saction 1.is to collect 1988 data for noncombustible
|Qcmmtv and steam.

consumption of energy
at your establishment through net transfars and
isble energy sources.

4SO 88 8N anergy solirce nd ad at this

" roported in millions of Btu: 4 keep your records for
‘steam in pounds, use a factorof 1.&00 Btu per pound

of steam to convert v

‘. quantities pumhaud §: !Mep\andent power
oroducers, smsll power UG
mt locamd at thla a‘

Y YOUr campeany o\
= rapurch from tham

® quantities purchased sn f by
purchasing entity separate from this establishment.

o quantites for which peyment was made in-kind.

CORTIMUE ON PAGE 2




Line 1b — Expenditures For Purchases From
Utlitties — Enter the total expenditures for the
purchased quantities reported on fine 1a. include all
expenditures regardless of wher payment was
actually made.

Line 2a — Quantity Purchased From Nonutilities —
Enter the quantity of electricity and steam that was
purchased from offsite nonutuility power prodycers
and delivered to this establishment site in 1988,
regardless of when payment was made. include
quantities purchased for ANY onsite use.

Exclude sl ,

® quantities delivered from other
establishments in your company even if
those quantities were repurchased from
them by your establishment.

quantities purchased and paid for by a
central purchasing entity separate from this
establishment.

e quantities for which payment was made in-kind.

Line 2b - Expenditi For Purch From
Nonutllities — Enter the 1otal expenditures for the
purchased quantities reported on line 2a. Include al)
expenditures regardless of when payment was
actually made.

Lina 3 — Other Receipts — Enter all additional
quantities delivered to your establishmant site in
1988 but not reported on linas 1a or 2a.
Include:

& quantities purchased and paid forby a
central purchasing entity separate from this
establishment,

quantities transferred from another
establishment of your company for which
payment was not made.

guantities delivered from another
establishment of your company even if those
quantities were repurchased from them by
your establishment.

* quantities for which payment was made in-kind.

Line 4 — Tota! Electricity — Enter
the sum of lines 1a, 2a and 3 for elactricity only.
Copy this total electricity recsipt figure to
column 2, line 1 of Section Il -- Fuel Switching.

Line B — Quantity Cogsnerated — Enter the
total quantity of electricity cogenerated from
all energy sources, including renewable
sources. For purposes of this survey, electrical
cogeneration is defined as the production of
electric anergy and another form of usetul
energy {such as heat or steam} through the
sequential use of energy.

Line 6 — Quantity Generated from Renswables —
Enter the total quantity of each noncombustible
energy source generated onsite directly from solar
power, wind powsr, hydropowaer, or geothermal
sources. Any electricity produced as a part of a
cogeneration process (that is, electricity generated
from geathermal steam which is then itself used}
should be excluded. Such quantities should be
included on line 5.

Line 7 — Other Genaretion — Enter the total
quantity of electricity generated onsite by all other
means not included on lines 5 and 6 above. For
example, electricity genarated by diesel generators
should be reportad here.

ELAB48A- (5-12-89)

1988 Manufacturing Energy Consumption Survey
Form EIA-846A (Continued)

Page 2

Line 8 — Sales or Transfers to Udlities — Enter
the total quantity of electricity sold or transferred
by your establishment in 1988 to utilities. For
purposes of this question, utilities are companies
that produce and/or deliver electricity andfor
natural gas, and are legally obligated to provide
service to the general public within their franchise
area. Utilities do not include such generators of
electricity as independent power producers, small
power producers, or cogenerators not located at
this establishmaent site. Include quantities
exchanged for the same or any other energy
source(s).

Lino 9 — Sales or Transfers to Nonutilities —
Enter the total quantity of each noncombustible
anergy source sold or transferred in 1988 to
establishments other than utilities. Include
quantities exchanged for the same or any other
energy sourceis).

Line 10 — Nonutility Suppliers — lf any
eloctricity reported in column 2, line 3 was
obtained by transfer from another

blishment of your pany, enter the
name, address and telephone number of the
supplying establishment. if you received
transterg from more than one of this type of
astablishment, use the ‘'Remarks’’ section to
identify remaining suppliers.

Questions 11 and 12 should be complsted if there
was any elactricity generated at this
astablishment site in 1988 {column 2 has &
nonzero entry on kines 5, 6, or 7). If your
establishment had no onsits generation in 1988,
omit questions 11 and 12 and proceed with
Saction Il — Combustible Energy Sources.

Question 11 — Indicate by checking the
appropriate box whether or not this establishment
was electrically interconnected with an electric
utility (that is, able to deliver elactricity to the grid as
well ag receive electricity) as of December 31, 1988.

Question 12 — Indicate by checking the
appropriate box whether or nat this establishment
was designated as a Qualifying Facility (QF) under
the Public Utility Regulatory Policies Act of 1978
(PURPA\ as of December 31, 1988.

Section I - COMBUSTIBLE ENERGY
SOURCES

Column 1 — Energy Sources to bo Reported —
Twenty-three energy sources have been preprinted
in column 1, separated into the genaral categories
of solids, gases, and liquids. Prior to completing
columns 4 through 10, determine from the criteria
below which of the preprinted energy sources
should be included for reporting and which
excluded.

First, EXCLUDE all energy sources that were not
consumed for any purposae at this establishment
site during 1988. All excluded energy sources
should be lined out, and no entries should be made
in columns 4 through 10. Next, if your
establishment consumed any energy sources for
any purpose during 1988 that are not included in
the preprinted list, add those snergy sources under
the **Other’’ heading for solide, gases, or liquids.

All unlined anergy sources, including any additions
to the preprinted list, should he further evalusted
for inclusion or exclusion by the specific criterion in
the following paragraph.

CONTINUE ON PAGE 3
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- Entar the
jotrce that was

. Golumn 7 — Onaite Prod
total quantity of any energy.
produced onsite in 1988 as
byproduct, 3 waste materi
aptive (onsitel mine or'wl
drtially consumad onsi
~Fuantity produced ongite, 1egn
‘gomne or.all of it was consu

pEng of supply of an

iring 1988 was'asa -

l’ﬁy sSource mputs 1o

anufacturing processas;

dad ONLY if itwasat
pisumed onsite asa

988 (that is forhaat,

v generation), i

pmducad energy ~_feadstock, transferred offs|
jumed onsite as a _disposed of. Exampies of.
y excluded. - hydrogen, still gas, coke

“and black liquor. Example
““include wood scraps,.packingn
paper and cardboard, and wast

through 10:for all enargy

‘exciuded by the above -,
Fould be made in accordance
ctions for thase colum

olitmn 8 — Source of
@aach anergy:source that
chack the *'Yes” box if!
7 resulted from consump
gource listed in Section
g Sources Check the “‘No’
me from captwa weﬁs or

tey in column 7,
it listed in column
Yy othar energy
ustible Energy
energy source
;. Oris a product or
aterials not listed
rgy source.

Units — Use the §nd’tcata

rather than adjusted to
ergy content, Ona barrel

“the approximate liquid

factor of LPGis 3,603

insection ikas a combustiblé
Examples include:

= hydrogen produced ase bvgzmduc! of
=+ natural gas in-an smmeoniaplant would
have the “Yes'' box

hydrogen produced thr
glectrolysis of brine ina chilarine plant
would have the “No”™ bo; ed

“'coke overi gas produoad
coal coking process Wi
Y5 box ‘chegk‘ed.

aly 30.12 million Br:Na
i thousands of:-cubic t

7-1.03 million Btu:

Purchased — Enter
y Source that wWas,

wood chips produced as
«- wood purchased for use 88 8 6

material ratherthan a fuel:would have
~the "No' box-checked:
puiping (black) liquer,
pulping of wouod, thi

recovery furnace or ot
would have the “'No’’ b

olumn 8 — Onsita Fosl
the quantity consumed

Ty Sources thaft wel
ite use; for example, the
power, aiactrolysls proces:

wehicles dedicated primari
entrias, if any, in column:9 for naturat gas, distiltste
“fuel oil, residual fuel oil, L total coal products
to line 1 of Section Iif ~ Fual Switching.

g8 other than fusl use.
as teedstocks {for

tnclude all quantities con
sxample, butane proces
compounds), raw materials

10 produca coke), ad(ﬁtl gradients for
manut f ostablishment,
Exclude all offsite disposil ich as sales and
“transfers 10 other establish .

wpstion 1 — Enter the total design storage capacity
31, 1988, for residusl
. Report the shell

city of the storage
iad.

hased and paid forby.a -
ing entity separate from this:

hacity (that s, the desi
nks) in the units of e

sred from another
out company for whfch

Ongsite capacity of all §

regardiess of the intendad disp
enargy source {include:
tanks and tanks dedicated for onsite use).

of your company even if thase
repurchased from them by

* Onsite capacity dedicateti or teased for storage
of enargy scwrces owned bv other

hich peyment was magia'inékind v - establishments.

CONTINUE O PAGE 4
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Section (1l — FUEL SWITCHING

This portion of the survey is intended tec measure the
short-term capability of your establishment to have
used substitute energy in place of those
actually consumed in 1988, Capability to use
subsutute energy Sources means that this

ment’s ors (for boilers,
furnaces, ovens, blast furnaces) had the machinery
or equipment either in place or available for
instellation in 1988 so that substitutions could
actually have been introduced within 30 days
without extensive modifications.

NOTE — Fuel-switching capability as measured by
this survey does not depend on the relative prices of
energy sources; it depends anly on the
characteristics of your equipment and certain legal
constraints. Fuel-switching capability sets limits on
the extent to which you could switch to a substitute
energy source if you wanted to or needed to. it has
nothing to do with whether you would want to
switch if you could. Therefore, relative prices of
energy sources are not related to fuel-switching
CAPABILITY and should be ignored when
completing this section.

Woe recognize that records of fual-switching
capability are not regularly maintained. Accordingly,
reasonable approximations of tuel-switching
capability are acceptable. These approximations
should be based on the judgment of a person
knowledgeable about the fuel-switching capability
and operations of your establishmant. They are not
expected to be formal enginsering estimates based
on a day-by-day analysis of the operating levels of
Individual combustors and interactions between
them. Respond as realistically as possible, given
your actual operations in 1388.

Base your eatimatas on the avallability of substitute
energy sources and the physical condition of your
equipment during 1988, Include switching
capabllitv that could have rgsulited from the use of

dundant and/or b 8, and from
combunors that were already equipped to fire
alternative fuels. Lines 1 through 3 of this portion of
the form maeasure your establishment's overall
capability to have switched from specific energy
sources in 1988. Lines 4a through 10b describa
your capabllity to replace a given energy source by
specific alternative energy sources.

SPECIFIC INSTRUCTIONS

Line 1 — Consumed - Enter the total
elactricity receipts figure from column 2, line 4 of
Section |, and the fuel consumption figures from
Saction Il for total coal and coke, natural gas,
distiliate fuel oil, LPG, and residuai fuel oil. The
quantities to be copied are noted in the
appropriate-boxes of sections | and Il.

Une 2 — Quantity Nonswitchable -~ Enter the
amount of the quantity reported on Line 1 that
could NOT have besn replaced within 30 days by
any other energy source in 1988, even given a
severe curtallment. NOTE — Include only that
portion of total electricity receipts (purcheses plus
transfers in) that could NOT have been replaced
by either onsite-generated electricity or energy

(8) which plish the same purposas as
the offsite-produced electricity {e.g. supplying
heat or power}. Portions of individual fuels may be
non-switchable due to limitations such as:

EIA-848A1 {6-12-89)

1988 Manufacturing Energy Consumption Survey

Form EIA-846A (Continued)

Page 4

the characteristics of your physical plent (for
example, single-fired combustors or the
absence of redurident and/or standby
combustors), or the requirements of your
manufacturing process.

binding take or pay contracts with energy
suppliers that were in place.

enviranmental regulations which limit the
amounts of potential replacement fuels that
could be burned.

DO NOT consider current relative prices of
fuels as a limitation to switching capability,

Line 3 — Switchable — Subtract line 2
from line 1 and enter the results. Thess values
represent the quantity of each ene;?y source
consumed that COULD HAVE BEEN replaced
within 30 days by at least ona other energy source
in 1988. NOTE — If all entries on line 3 are zero,
complete the Remarks and Certification sections of
the survey and ratum it to the Census Buresu, For
each entry on line 3 that is nonzero, complete the

rer der of that col Complete one column
before starting another.

Lines 4 through 10, Part a - Replacement
Quantities — Report tha maximum amount of the

quantity shown on Line 3 that could have been
replaced within 30 days by each of the ensrgy
sources on lines 4 through 10, under the
constraints listed in the instructions for line 2,
Aeport all amounts in the units of the energy source
that is being replaced. DO NOT convert this
amount to units of the replacement energy
sources. NOTE — Be surs to take into nccount not
only the fuels that could be directly substituted for
offsite-produced electricity, but also the fuels
needed to generate electricity onsite that could
have been used in place of electricity raceipts,

NOTE — The sum of lines 4a through 10a for each
column must be at least as large as the entry on line
3 of that column, and may be larger If more than
one alternative fuel could have been used.

Lines 4 through 10, Part b — Lead Time — Mark
tho minimum lead time reguired to switch to each

P energy identified.
Section IV — REMARKS

Please provide any expianations that may be
helpful to usin undemandlng your reponed data.
h a

ary. Be sure to
include the n name, addreu and tdephone number
of nonutility power generating establishments of
your company that electricity to your
establishment if you did not have enough roomin
section | to identify them,

Section V — CERTIFICATION

Period Covered By This Report — Enter the month,
day, and year of the and the end of the
period covered by your report. If a calendar yuf
report: ‘‘From January 1 to December 31, 1988,""; #

a fiscal year, specify (such a8 “I-rom
December 1, 1987 to November 30, 18881 if e
part-year report is because the
establishment wss not in operetion or under vouv

company s control for the entire year, specify the

al period covered: for example **January 2,.1988
to August 15, 1988, or “June 1, 1988 to
December 31, 1968,

Energy Information Administration/Manufacturing Fuel-Switching Capabllity 1988
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1988 Manufacturing Energy Consumption Survey
Form EIA-846B (Continued)

’ Section Il — COMBUSTIBLE ENERGY SOURCES
For purposes of this portion of the survey, 8 roflnory is lll n that 1] finished p ¥ prod: from crude
oil unﬁnlnhod olls, natural gas Ilqulds, aother h and alcohol. Prod ! 1 d olis,
spacial dinm.to fuel ol, residua) fusl nu. Du‘bﬂcnlng oih, nphllt and ro-d o, waxes,
pﬂmhum coke, still gas and petrochemical Y Of p by the -
of raw faln deriy ‘l‘rom L 'uu.‘ g the final prod are plastics (includi
ynthetic rubbers), sy fibers, chemical drugl.-mldﬁmmn.
Check the box next to the correct description of the establishment identified on the address Jabel Then supply data for Section Il
according to the instructions for that description
CLASSIFICATION "INSTRUCTIONS
182 b
N Establmhm'am consists o' REF!NERY operauons ObLLth ‘L‘I;r;:ra:\'ay be tete V. n A of Section Il but do "!‘"’ 0 ony
are itied 35 & for purposes of the Annual entries in columns 8 and 10. Ignore Version B of Section it
Survey of Manufactures, Cansus Form MA-1000.) onpages 4 and 5.
207] Establishmant consists of both REFINERY AND NONREFINERY Comyplate Version A of Section ! INCLUDING columes
oparations. 8 and 10. ignore Version B of Section If on pages 4 and 5.
3{"] Establishment conu:ls ol NONREFINERY operations ONLY (Thare
may be refinery bu those -
: of the Annua| m Verson B of Section Il on pages 4 end &. ignore
Survey of Manufactures Census Form MA 1000.] ‘
VERSION A
Units Enter for entire astablishment
Census| used Quent Total expenditure, including
Enargy sources éJu|n for pumh:udm and detivery g:ha‘rnasi 1o‘r'lhe T‘(,ttr‘:n‘:‘fm ';:":‘nz"
niy | reporting deli hi quantity in col. (
quantlth'o elivered to this (51 central purchases)
() 12) 13) (4) Mil._ T Thou. T Dol 18]
| {
A, PETROLEUM BASED : :
1. Crude ail/lease condensate 208 | |
v T
! |
2, Residuai fual oil [numbers 5, 6, navy Barrels ! !
special, and bunker ¢] 218 1 !
i |
1 {
3. Distillate fuel oil {numbers 1, 2, and 4 1 1
{uel oils and dissel} 224 ! |
T T
f ]
4.1PG lathane, ethylene, propane, i |
propylene, butans, butyl 240  Gallons i |
i i )
6. Motor gasoline 232 l | !
8. Waste and byproduct gases (e.g., refinery Miltion { :
off gas, vent gas, plant gas, still gas) 620 Btu . |
[ 1
B,
7. Petroleum coke 703 arrels l :
1 1
8. Waste oils and ters 1 I ! !
9. Other (Specify} Miition ! !
950  Btu ! !
|
968 !
[
8. NONPETROLEUM BASED T :
1. Anthracite 408 !
+
1 |
2, Bituminous and subbituminous coal 414 | |
t +
. 1 !
3. Breaze 448 ghort 1 i
tons ]I II
4, Coal coke 430 | i -
t t
| |
5. Lignite 422 | !
[ 'I'ohl coal end coke {Sum of anthracite,
and it coal, !
breeze, coal coke and lignite} 455
1,000 H .
7. Naturel gas 307 cu. ft. 1 i
T T
| I
8. Hydrogen 638 ! !
9. Waste materials (wastepaper, i |
packing materials, e1c.} 729 mHMon ! |
10. Other (Specify) 8ty 1 )
976 I [}
+ t
t |
984 ) - {
FORM FIA 846A (5 3 B9 Page 2
i
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'facturing: Ene gy Consum‘ption Survey
B (Continued) '

Form EIA-8

s establishment’s 11-dight Censu

COMBUSTIBLE ENERGY S

R Census
Chsantity consumed “Shipments offsite to Energy sources Use
onsite as o fuel “other satsbiishments Only
: 201
{8} {10} {31 112,
A. PETROLEUM BASED
1. Cruds oillsage condensate 208
gt ﬁopytolimrofsaction.?i 3
3 2. Residual fuel oil (numbers 5, 8, navy
. - spacial; and bunker ¢} 218
Coay 1o line 1 of saction 3 Z N
3. Distiiate fosl oil (numbers 1, 2, and 4
: fuel cits and diesel! 224
'Copytoﬁmlafsocﬁon&; R
4. LPG {ethane, ethylens, propane, .
propylere, butane, butylene) 240
. Motor.gegsolins 232
» ,li‘v’pmduct geses (e.g., refinery
off gas, ventges, plant gas, atil gas) 620
7. Patrols coke 703
8 Waste oilz and tars 7114
8, Other
¥ 950
888
B. NONPETROLEUM BASED
1. Amhrache 408
2. Biturninous and subbituminous cosi 414
3. Bieate 448
4. Coal coka . 430
o 8. Lignite 422
to lina 1 of section 3
9Py tofine 1 of section 3 / . Yoted coal and coke (Sum of anthracite,
i ik and subbituminous cosl,
%l coke and lignite) 455
307
8. Hydrogan 638
8. Wasts maltsrials iwastepaper,
king metsrials, etc.) 728
10, Othar 55
- 876
884
. Page3

y information Administration/
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1988 Manufacturing Energy Consumption Survey

Form ElIA-846B (Continued)

’ Section Il — COMBUSTIBLE ENERGY SOURCES — VERSION B
’ Units Energy sources recelved in 1988
‘Cansus | used i Total expenditure, including
Energy sources gslo for ,u,cﬁg‘:.':,";‘(, and detivery &37"";; ?: ’tha T(():'O.I r'o.m r.e.ipm .Mu
nly | reporting defivered to this quantity in cot.
8l purchases)
quantities 6] cortr
11 12) (3) 141 Mil. T Thou. T Dol. i8]
A. SOLIDS l '
1. Anthracite 408 N !
I 1
2. Bituminous and subbituminous coal 414 ! !
l !
3. Braeze 448 ! !
Short | \
tons | 1
4. Coal coke 430 .
| l
&. Lignite 422 | I
8. Yotal coal and coke (Sum of anthracite,
bitumi 8 itumiy coal,
breeze, coal coke and lignite) 455 1
Mitilon 7 i
7. Biomass 901 Bty | :
T
Barrels ] 1
8, Petroleum coke 703 ! ;
T
9. Rourkiwood {wood cut spacifically 1 i
for fuel use) 802 | |
10. Waste materials (wastepapar, J J
packing materials, etc.) 729 1 {
Million ! !
11. Wood chips, bark, and wood waste 810 Btu | ]
12. Gther solids (Specify) ! !
819 | ]
T T
| i
927 | ]
T T
B. GASES 1,000 | I
1. Natural gas 307w R | i
T T
] !
2, Acetylena 846 ' 1
T T
t 1
3. Blast furnace gas 804 | |
T T
| |
4, Coke oven gas 812 t |
Miition | i
8. Hydrogen 838 [ [ , |
T T
6, Waste and byproduct gases {e.g., refinery 1 |
off gas, vent gas, plant ges, still gas) 820 1 1
7. Other gases (Spacify] ' !
835 | |
T T
1 |
843 | i
€. Llauins } :
1. Distillate fuel oil numbera 1, 2, and 4 ' !
{uel oils and diesal) 224  Barrele ! !
] 1
2. Kerosens 273 1 : '
3. LPG (sthane, ethylsne, propane, T : :
propylene, butsne, butylana) 240 . L L
- | |
4. Motor gasoline 232 l J' !
Miition ! |
8. Pulping or black liquor 737 Stu 1 |l
8. Residual fust oil {numbers 5, 8, navy Barrels ! !
ial, and bunker 218 : !
' 1
3. Waste oils and tars oy T ! !
0. Other liquids {Specify! Miion 1 1
350 Bt ! !
:
l ' t
388 ! :
For the purposes of questions 1, 2s, and 2b below, snergy include: yh breeze, b foutyl coal coke, di
fus! oil, eth hylens, isob e, petrofeun coka, propans/propylens, and residual fuel oil. 1a2
1. Total Btu content of eneigy source products shipped during 1988. . ... ...................... e Million Btu
I the answer to question 1 is zero, omit quastions 2a and 2b and proceed directly to question 3 on page 5.
g thass P , include in the answers to questions 2a and 2b only those energy
source products that were reported in tion 1.
2a. Total Btu value of all energy source inventories as of December 31,1987, .. ... ... ... ... ...... — . Million Btu
2b. Total Btu value of all energy source inventorias as of December 31,1988, .. ... ...... .. .. ....... — Million Btu
TORMIIA HABA TH 1 H9)
Page 4
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1988 Manufacturing Energy Consumption Survey

Form EIA-846B (Continued)

’ Section il — FUEL SWITCHING

itermn description { Electrichty Totsl coal and coke
11) 109 2) I (3]
1. Quantity consumed — Copy the total elactricity Kilowatthours Shart tons

receipts from fine 4 of section I, and the quantities of
coal 2nd coke, natural gas, distillate fuel oil, LPG. and
residual fuel oil consumed onsite as a fuel from
column (8} of section 1, version A es column {9} of
section i, version B.

Now answer lings 2 and 3 as appropriate for the Kdowatthours Shart tone
columns with nonzero entries in fine 1, Do not

consider differences in engrgy prices when

estimating amounts.

2. Quantity nonswitchable — Enter the amount of
the quantity intine 1 that covid NOT have been
replaced within 30 days by another energy source
in 1988.

3. Quantity switchable — Subtract line 2 from line 1 Kitowatthours Short tons
and enter the results. This represents the tota!
quantity of energy consumption thet COULD HAVE
BEEN replaced within 30 days by ane or more
alternative energy sources in 1988,

Now answer lines 48 through 10b as appropriste for Short tons
the columns with nonzero entries in line 3. Complete
one column before starting another.

4a. Of the amount shown in line 3, what is the maximum
amount that could have been replaced by electricity?

4b. What is the minimum laad time requirad to make the
switch to elactricity?

1DLunhanidav
2(7J1 day to 1 week
30T More than 1 waek but within 30 deys

Sa. Of the amount shown in line 3, what is the maximum Kilowatthours
amount that could have been replaced by coal and
coke?

Gh. Whet is the minimum lead time required to make the - TEJ—L;; then 1 dey
switch to coal and coke? 2031 day to 1 week

3 More than 1 week but within 30 days

Ba. Of the amount shown in line 3, what is the maximum Kilowatthours Short tons
amount that could have been replaced by natural
ges?

8b. What is the minimum lead time required 1o make the 10 Less then 1 day 100 Less then 1 day

switch to natural gas?
g 2001 day 10 1 week 20701 day to 1 weex

30 Mors than 1 week but within 30 days 3 Mors then 1 week but within 30 days .

7a. Of the amount shown in line 3, what is the maximum Kilowatthours Short tons
amount that could have besn replaced by distillate
fuel oil?
7b. What is the minimum leatj time required to meke the T Oessantcar 10iestentay

switch to distillate fual oil?
valol 2004 day 1o 1 week 2001 day 1o 1 wesk

3 More than 1 week but within 30 days 301 More tiian 1 week but within 30 days

8a. Of the amount shown in line 3, what is the maximum Kilowatthours Short tons
amount that could hava been replaced by LPG?

8b. What ia the minimum iead tims required to make the y
switch 1o LPG? 100 Leas than day 100Less than 1 day
ZD'Idaym\woek ledwtonm
3T Mors than 1 week but within 30 days 3L IMora then 1 week but within 30 daya
8a. Of the amount shown in line 3, what is the maximum Kitowatthours Short tons
amount that could have besr: replaced by residuat
fuel oil?
Bb. What is the minimum lead tine required to make the - M,E]_L;;;‘;,;,:;;; ” o _,E];,,, shan t d—a_y“_

switch to residual fusl oil?
2[:]1daytu'lwoek 2[]1d|yto1woek

30 More than 1 week but within 30 days 3L Mars than + week but within 30 deys

10a. Of the amount shown in line 3, what is the maximum Kilowatthouss Short tons
amount that could have been replaced by any other
energy source? /dentify that energy source. ¥

10b. What is the minimum lead tima required to make the 0O
! . 1U Less than v
switch to that energy source? ess than | day 103 tesahan s day
‘ 2(J1 day 10 1 week 201 dsy 10 1 week
3[IMore than 1 week but within 30 days  3{ IMore than 1 week but within 30 days

FORM €14 8468 (5 1 89)

Page 6
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d)

' Form EIA-846B (Continue:

Rasidusl tusl ol

1[JLess then 1 day "+ Lese then 1 day
2[]1davto1wock gD!dathwoek
3] More then 1 week but Within 30 days a1 Tnkore than 1 week but within 30 days

LPS
“i240 (8} 228 ; 73
Barrels B Gallong ; Barrals
1,00dcu. [ Barrels : Gallons Barrels
Bareels - T Gallons Barrels
Barrels Galions Barrals

1) ess then 1 day
2[]1 day to 1 week
3 Iasore then 1 week but within 30 days

Borrsis R R Gallons

Barrels

100tess than 1 day 1 Less than 1 day
2001 day 10 1 waek 2031 day 10 1 waek
30 More than 1 weak bt withk 35 devs 3[_IMore than 1 week bist within 30 days

X 1L Lass then 1 day

2L day'tw 1 week
3l Imore thon 1 waeek but within 30 daye

Barels Gallons

Barrals

1DLouthmidlv 1D£mman1day
2031 day t0 1 week

30 More than 1 wesk bui within 90 darvs 31} Mora then 1 wesk but within 30 days

1 Jens than 1 dey

aDmmm:wmmwauﬂnsomy-

2L 1dey 10 1 weex 2031 day 1o 1 week
3073 More than 1 week but within 30 days
Gallons Barrets
1L oss than 1 day 1E3tous then 1 dey
* 231 day10 1 week 2T gy to 1 woek

3T More than 1 wook but within 30 days

Barrels

100 tess than 1.day
2[01 dsy 1o 1 wesk
3T Mora than 1 wesk but witkin 30 davs

Barrels

1mt_mmﬂn1day
3034 day 1o 1 week

- 3l I more thien 1 week but within 30 davs

Barrels Gallons
1] Leas then t day 1) Less then 1 dey
2071 day 101 weok [J4 day to 1 wosk

3 ors than 1 wesk bur withis Dmmmmmmmmaonm

Barrplg™: T Gellons

Barrels

:Dumman 1 day ETtesn than 1 day tE3Less then 1 day
2001 day to 1 waek 3L day 10 1 waek 2£31 day 10 1 woek
aﬂm«m:m-lmmunaom- aElmmm woak but within 30 days sE}mmm ¥ woek but within 30 days

Page 7
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1988 Manufacturing Energy Consumption Survey

Form EIA-846B (Continued)

’ Section IV — REMARKS — Please usa this space or attach a separate shaet for any explanations zhar mny be essential
in undarstanding your raportad dats. B sure to include tha name, addrass, and of

POW
establishments of your company that transterred or delivered electricity or steam ro your establishment in 198.9 if vou s did
not have enough room in saction I.

Section ¥V — CERTIFICATION - The dats in this report have baen prepared in d| withthe i }

Name of parson to contact regarding this report — Print or type Ares code  Numbar Extension
Telephone

Address — Number and street FROM: Mo, TDay TYear
Peviad ! ' d
bythsrsport TO: 1Mo, |Day | Year

{ ! ]
City State 7P Code Signature of authorized person Date
FORM E1A-8 49 O
1A-8488 151 89) Pﬂgﬂ 8
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1988 Manufacturing Energy Consumption Survey

Form ElA-846B (Continued)

Line 1b — Expendt For Purch From
Utilities — Enter the total expenditures for the
purchased quantities reported on line 1a. Include all
expenditures regardless of when payment was
actually made.

Line 28 — Quantity Purchased From Nonutilities —

Enter the quantity of electricity and steam that was
purchased from offsite nonutuility power producers
and delivered to this establishment site in 1988,
regardless of when paymaent was made. Include
quantities purchased for ANY onsita use.

Exclude all:

® quantities delivered from other
establishments in your company even if
those quantities were repurchased from
them by your establishment.

* guantities purchased and paid for by a
central purchasing entity separate from this
gstablishment.

® quantities for which payment was made in-kind.

Line 2b — Expendi For Purch From
Nonutilitles — Enter the total axpenditures for the
purchased quantities reported on line 2a. include all
expenditures regardless of when payment was
actuslly made.

Line 3 — Other Recelpts — Enter all additional
quantities delivered to your establishmaent site in
1988 but not reported on lines 1a or 2a.

® guantities purchased and paid for by &
central purchasing entity separate from this
establishment. -

quantities transferred from another
establishment of your company far which
payment was not made.

quantities delivered from another
establishment of your company even if those
quantities were repurchased from them by
your establishment.

® quantities for which payment was made in-kind.

Line 4 — Total Electricity Receipts -~ Enter the
sum of lines 1a, 2a and 3 for elactricity only. Copy
this total electricity receipt figure to column 2, line 1
of Section Il — Fuel Switching.

Line b — Quantity C: - Enter the
total quantity of electricity cogenerated trom
all energy s , including rer bl
sources. For purposes of this survey, electrical .
cogeneration is defined as the production of
electric energy and another form of useful
energy (such as heat or steam) through the
sequential use of energy.

Line 8 — Quantity G d from R bles —
Enter the total quantity of each noncombustible
energy source generated onsite directly from solar
power, wind power, hydropowsr, or geothermal
sources. Any electricity produced as a part of a
cogeneration process (that is, electricity generated
from geothermal stesm which is then itself used)
should be excluded. Such quantities should be
included on line 5.

Line 7 — Other Generation — Enter the total
quantity of electricity generated onsite by all other
means not included on lines 5 and 6 above. For
example, electricity generated by diesel generators
should be reported here,

FIA-8488-1 (5-12-89)

Page 2

Line 8 — Sales or Transfers to Utilities — Enter
the total quantity of elactricity sold or transferred by
your establishment in 1988 to utilities: For purposes
of this survey, utilities are companies that produce
and/or deliver electricity and/or natural gas, and are
legally abligated to provide service to the general
public within their franchise area. Utilities do not
include such generators of electricity as independent
power producers, smail power producers, or
cogenerators not located at this establishment site.
include quantities exchanged for the same or any
other energy sourcels).

Line 9 — Sales or Transfers to Nonutilities —
Enter the total guantity of each nancombustibie
energy source sold or transferred in 1988 to
establishments other than utilities. Include
quantities exchanged for the same or any ather
energy source(s).

Line 10 — Nonutility Suppliers — If any
electricity reported in column 2, line 3 was
obtained by transfer from another
establishment of your company, enter the
name, address and telephone number of the
supplying establishment. If you received
transfers from more than one of this types of
establishment, use the ‘‘Remarks’’ section to
identify remaining suppliers.

Questions 11 and 12 should be completed if there
was any electricity generated at this establishment
site in 1988 (column 2 has 8 nonzero entry on
fines 5, 6, or7). If your establishment had no onsite
generation in 1988, omit questions 11 and 12 and
proceed with Section I — Combustible Energy
Sources.

Question 11 — Indicate by checking the
appropriate box whether or not this establishment
was electrically interconnected with an electric
utility (that is, able to deliver alectricity to the grid as
well as receive electricity) as of December 31, 1988,

Question 12 — Indicate by checking the
appropriate box whether or not this establishment
was designated as a Qualifying Facility (QF) under
the Public Utility Regulatory Policies Act of 1978
(PURPA) as of December 31, 1988.

Soction Il — COMBUSTIBLE ENERGY
SOURCES

There are two versions of Section i — Combustible
Energy Sources. In order to determine which
version you should complete, first cdetermine
whether your establishment consists only of a
refinery, only of a petrochemical operation, or
some combination of the two. For purposes of this
survey, a refinery is an installation that

manuf tinished petroleum products from
crude oil, unfinished oils, natural gas liquids, other
hydrocarbons, and alcohal. Processes used by a
refinery include fractionat distillation, cracking
(both catalytic and hydrocracking), coking,
reforming, alkylation, isomerization,
polymaerization, hydr ing and Ning.
Products include, but are not limited to, unfinished
oils, motor gasoline, sviation gasoline, special
naphthas, kerosens, distillate fusl oil, residual fuel
oil, lubricating oils, asphait and road oil, waxes,
petroleumn coke, still gas and petrochemical
feedstocks. A petrochemical operation produces
substances by the chemical treatment of raw
materials derived from petroleum or natural gas.
Among the final products are plastics {including
synthetic rubbers), synthetic fibers, chemicals,
drugs, and detergents.

‘

CONTINUE ON PAGE 3

Energy Information Administration/Manufacturing Fuel-Switching Capability 1988
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1988 Manufacturing Energy Consumption Survey

Form EIA-846B (Continued)

Column 8 — Onsite Fuel Consumption —
Complete for ALL energy sources. Enter the quantity
consumed onsite as a fuel for the praduction of heat,
steam, powar, or the generation of electricity. Also
include fuel consumed by vehicles dedicated primarity
for use onsite. Copy the entries, if any, in Column 8
for natural gas, distillate fuel oil, residual fuel oil, LPG,
and total coal products to line 1 of section Ifl — Fuel
Switching.

Column 9 — Onsite Nonfuel Consumption —
Complete ONLY if your establishment contains both
refinery and non-refinery operations that are .
identified as a single astablishment for purposes of
the ASM. Note that this column requests data for
the NON-REFINERY operations only, Enter the
quantity of sach energy source that was consumed
onsite for all purposes other than fuel use. Include sl}
quantitiss consumed as fesdstocks {for example,
butane processed in producing rubber compoundsl,
raw materials (for example, cosl used to produce
coke), additives, or ingredients for products
manufactured by this establishment, Exclude all
offsite dispositions such as sales and transfers to
other establishments.

Column 10 — Shipments Offsite to Other
Establishments — Complete ONLY if your
establishment contains both refinery and non-
refinery operations that are identitied as a single
establishment for purposes of the ASM. Note that
this column requests data for the NON-REFINERY
operations only. Enter the quantity of each energy
source that was shipped offsita to any other
establishment.

VERSION B — SECTION Il —
COMBUSTIBLE ENERGY SOURCES

Column 1 — Energy Sources to be Reported —
Twenty-three energy sources have been preprinted
in column 1, separated into the general categories
of solids, gases, and liquids. Determine from the
criteria below which of the preprinted energy '
sources should be included for reporting and which
excluded.

First, EXCLUDE all energy sources that wers not

for any purp at this blishment site
during 1988. All excluded energy saurces should be
lined out, and no entries should be made in any
column. Next, if your sstablishment consumed any
energy sources far any purpose during 1988 that
are not included in the preprinted list, add those
energy sources under the ‘*Other’’ heading for
solids, gases, and liquids. NOTE — In making
additional entries, the preprinted entry ‘'Waste and
byproduct gases’’ includes all waste gas streams
(for example, refinery geas, fusl gas, vent gas,
offgas, still gas, and other waste gases) produced -
onsite except hydrogen.

All unlined energy sources, including any additions to

the preprinted list, should be further evaluated for

i;\c'lusion or exclusion by the specific criterion listed
alow.

1f your only means of supply of an energy
source during 1988 was as a byproduct of
energy source inputs to any of your
manufacturing processes, it should be
included ONLY if it wag at least partiafly
consumed onsite as a fuel during 1988
{that is for heat, power, or lectricity
generation]. If none of that onsite-produced
energy source was consumed onsite as a
fuel, it should be excluded.

Complete the appropriate columns for all snergy
sources that were not excluded by the above
procedures. Entries should be made in accordance
with the specific instructions for these columns.

EIA-B48B-4 {5-12-89]

Page 4

Column 3 - R Units — Use the
indicated units for reporting all quantities. For

. those establishments that keep records in Btu,

note that volume measures should ba reported s
actual physical quantitias, rather than adjusted to
represent a standard energy content. One barrel
contains 42 gallons. The approximate liquid
equivalent conversion factor of LPG is 3.603
million Btu per barrel. Petroleum coke should also
be reported in barreis. A barrel will hold
approximately 400 pounds of petrolaum coke, or
the equivalent of 6,024 miltion Btu. A short ton
of petroleum coke contains approximately 30.12
million Btu. Natural gas should be reported in
thousands of cubic feet. One thousand cubic feet
of natural gas is equal to about 10.3 therms, or
1.03 million Btu,

Column 4 — Quantity Purchased — Enter the
quantity of sach energy source that was purchased
and delivered to this establishment in 1988,

regardless of when pay 't was mads, Include
quantities of those energy sources that were
purchased for ANY onsite use, for example, the
production of heat or power, electrolysis processes,
steam cleaning, or as a petrochemical feedstock or a
raw material input to any manufacturing operation.
Exclude all:

e quantities delivered from another establishment
in your company aven if those quantities
waere repurchased from them by your
establishment.

» quantities purchased and paid for by a central
purchasing entity separate from this
establishment.

quantities for which payment was made in-kind.

Column § — Expenditures — Enter the total
expenditures for each of the purchased quantities
reported in column 4. Inciude all expenditures
regardiess of when payment was made.

Column 8 — Other Recelpts — For each included
snergy source, enter all additional quantities
detivered to your establishment site in 1988 but not
reported in column 4. Inciude:

o quantities purchased and paid for by a
central purchasing entity sep from this
establishment.

¢ quantities transferred from another
sstablishment of your company for which
payment was not made.

e quantities deliverad from another
establishment of your company aven if these
quantities were repurchased frorn them by
your establishment,

& quantities for which payment was made in-kind.

Exclude any quantities transferred batween a
petroleum refinery and a chemical plant if the two
\:ga treated s a single ostablishment by the

Column 7 — Onsite Production - Enter the total
quantity of any energy source that was produced
onsite in 1988 as a product, a byproduct, a waste
material, or an output from a captive (onsite) mine or
well, and was at least partially consumed onsite.
Enter the TOTAL quantity produced onsite,
regardless of whether some or all of it was consumed
as 8 fuel or feedstock, transferrad offsite, sold, or
otherwise disposed of. Examples of byprod

include patroleum coke, hydrogen, and still gas .
Examples of waste products include wood scraps,
packing materials, waste paper and cardboard, and
waste oils.

CORTINUE ON PAGE 8
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tanks) in the units of mea pecified. include:

» onsite capacity of all. storg
regardiass of the i f
snergy source (include bo!
- tanks and tanks dedicated:

" s-pnsite capacity dadicated.

alhe of all energy
31,1887

value of all energy
1,1088.

tible energy source. Examples:

aign storage capacity
988, for residual

produced during the coal
agwolld have the 'Yes”™

cm‘p uced as a byproduct of
‘uge as a raw material
‘woild have the 'No™* -

jisor, used in the
o0od, that is
fumace or

;-would have the Yhis portion of the survey.is mtmuhd 1o measure the

-ghiort-term capsbiltty of your shment to have
ace of those

| Consumption -.-Entel
ongite as a fuel forthe::

“substitute energy sources meens that this
astablishmont’s combustors {Rir.example, boiters,

m, power, of the 9“"“’“""‘ : furnaces, ovens, blast furnag d the machine:
; v 4 Ty
A W“"uﬁlr‘;ﬁ;‘::‘:;f b\é . 7o aquiprent either in place ble for
s ot ol o, di:!pl}'at e - installation in 1988 sothy utions could
omLPGO a?'d ‘tlc'::a?g:él o n‘ du -  aetually have been introd hin 30 days
Fuel Switching. - without extensive modificati
NOTE —~ Fuel-switching capability.ss measured by
Nonfuel mempﬂon i this survey does not-depend felative prices of
energy sourca that w. energy sources, it depends the
purposes other than fuel characteristics of your ey ind cortain fegal

constraints. Fuel-switching capabiity sets limits on
the extent 1o which you could switch to a substitute

- efiergy source if you wanted' gided to. It has

. nathing to do with whether
switch if youcould. T
energy sources are not related to fuel-switching
CAPABILITY and shouldbe dswhen

. completing this section. :

& consumad as feedstoc!
‘processed in producing rubber

atials (for example, coalus
: ,-of ingredients for- -
fa | by this establishment.
ite dlapositions such ag salesand
sbilshments. '

;’

We recognize. that records.of
capabmtx are not riagul'aﬂy ':?fu i
he osas of Questions 1, 2a, and 2b, enargy - approxin
i their approximate Btu conversion m"w ;Ts:mwm”
: : krowledgesble about the fub itching capability
. and operations of your establishment. They are not
21,500 Bru/lb -5 expacted to be formal enginéering estimates based
19.8 million Btu/short tan on-a day-by-day anslyais of the-oparating levels of
21,308 Busib B L Individuat combustors and interactions between
20,787 Bulb ~"them, Respond as rulistlcg possible, given
24.8  million Btu/ghort ton ... ... YOUr actual operations in'1 .
5.825 million Btu/bariel

22,320 Btufib - =" Bage your gstimatas on the avali biuty of substitute
21,844 Br/ib ) T enargy sources and the physicsl condition of your
21,257 Bu/ib B : “aquipment during 1988, In switching

8.024 million Btubarrel .- Copability that could have resultad from the use of

redundant and/or standby cambaators, and from
- combustors that ware already equipped to fire
alternative fuels. Lines 1 3 of this portion of

21 .361 Bru/ih
Btu/lb

the form measure your sgtal nt's overall.
“gapebility to have switched from specific energy
solirces in 1988, Lines 4a through 10b describe

your capability to replace a ¢ energy source by

! xlmations given above. specific atternative energy sources.

CONTINUE ON PAGE 6
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1988 Manu

facturing Energy Consumption Survey

Form EIA-846B (Continued)

Specific Instructions

Line 1 — Quantity Consumed - Enter the total
electricity receipts figure frorn line 4 of Section |,
and the fuel consumption figures from Section Il
for total coal and coke, naturat gas, distillate fuel
oil, LPG, and residual fuai oil. The quantities to be
copied are noted in the appropriate hoxes of
Sections 1 and I\,

Lins 2 — Quantity Nonswitchable — Enter the
amount of the quantity reported on Line 1 that could
NOT have been replaced within 30 days by any
other energy source in 1988, even given a severe
curtailment. NOTE — Include only that portion of
total electricity receipts {purchases plus transfers in)
that could NOT have been reptaced by either onsite-
generated electricity or energy source(s] which
accompliish the same purposes as the offsite-
produced electricity (e.g., supplying heat or powaer).
Portions of individual fuels may be non-switchable
due to limitations such as:

the characteristics of your physical plant
{for example, single-firad combusiors or
the absence of redundant and/or standby
combustors), or the requirements of your
manufacturing pracess.

binding take or pay contracts with
energy suppliers that were in place.

environmental regulations which limit
the amounts of potential replacement
fuels that could be burned.

DO NOT consider current relative prices of fuels
as a limitation to switching capability.

Line 3 — Quantity Switchable — Subtract line 2
from line 1 and enter the results. These values
represent the quantity of each energy source
consumed that COULD HAVE BEEN replaced
within 30 days by at least one other energy source
in 1988, NOTE — if all entries on line 3 are zero,
complete the Comments and Certification sections
of the survey and retum it to the Census Bureau.
For each entry on line 3 that is non-zero, complete
the remainder of that column. Complete one
column before starting anpther.

EIA-8488-1 (6-1 2-99)

Page 6

Linos 4 th 10, Part a — Roplacament
Quantities — Report the maximum amount of the
quantity shown on line 3 that could have been
replaced within 30 days by each of the energy
sources on lines 4 through 10, undar the constraints
listed in the instructions for line 2. Report all
amounts in the units of the enargy source that is
being replaced. DO NOT convert this amount to units
of the replacement energy sources. NOTE — Be sure
10 take into account not only the fuels that could be
directly substituted for offsite-produced electricity,
but also the fuels needed to generate electricity
onsite that could have been used in place of
electricity receipts.

NOTE — The sum of lines 4a threugh 10a for each
column must be at least as large as the entry on fine
3 of that column, and may be larger if more than
one alternative fuel could have been used.

Lines 4 through 10, Partb — Load Time — Mark
tha minimum lead time required to switch to each
replacement energy source identified.

Section IV — REMARKS

Please provide any explanations that may be
helpful to us in understanding your reported data.
Attach a separate sheet if necessary. Be sure to
include the name, address, and telephone number
of nonutility power generating establishments of
your company that supplied electricity to your
establishment if you did not have enough room in
section | to identify them.

Saction V — CERTIFICATION

Period Covered By This Report — Enter the
month, day, and year of the beginning and the
ond of the period covered by your report. if a
calendar year report: *'From January 1 to
December 31, 1988,”; if a fiscal year, specify
which {such as '‘From December 1, 1987 to
November 30, 1988}, If a part-year report is
submitted because the establishmant was notin
opéeration or under your company’s control for
the entire year, specify the actual period
covered: for example ‘'January 2, 1988 to
August 15, 1988, or “"June 1, 1988 to
December 31, 1988.""

Energy Information Administration/Manufacturing Fuel-Switching Capability 1988
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Form EIA-846C (Continued)

' Section Il — COMBUSTIBLE ENERGY SOURCES

Units Energy tved in 1988
Consus | used i Total cxpmd'tun including
Energy sources Jae for pufc!?m and delivery charges, of the 77;‘.'1”0"* Mh pnin
nly | reposting delivered to this w-ntkv meol (4 cantral purchases)
i1 121 13 (&) il T Thou T Dol 10}
A. SOLIDS 1 1
1, Anthracite 406 H H
1 1
2. Bituminous and subbitumincus cont 414 ! !
i 1
3. Breeze 448 ! !
Shon ) )
tons
4. Coal coks 430 ! !
I |
8. Lignite a22 ! :
6. Totad coal and coke (Sum of snthracite,
brewze, cosl coke snd fignite) 456
Milion : I
7. Biomass 901 81w ] ]
1] T
Sarrel ) |
8. Pstroleumn coke 703 1 i
T
9. Roundwood (wood cut specifically 1 :
for fust usel 802 1 i
10. Waste materisis (wastepapsr, : 7|
otc.) . 728 | 1
T T
1 |
11, Wood chips, bark, snd wood wasto alp = Bw | |
12, Other solids (Specify] j i
919 ] |
T ot
1 |
9237 ] {
B. GASES 1,000 i {
1. Natursi gas 307 _owf i i
T T
4 )
2. Acetyk 648 i |
T T
| |
3. Blast furnace gas 804 t i
i T
t i
4. Coke oven gas 812 ] |
Mision i i
8. Hydrogen sag B ! !
. Waste and byproduct gasea (s, | |
o«g! vert gas, plant gas, st 820 ' |
7. Other gases (Specify) ; }
836 | ]
T T
| l
— 843 ! )
C. LIGUIDS T H
1. Distitata fuel oit (numbers 1, 2, and 4 ! !
fusl olls and diese) 224 Banehs : ]
1 [l
2. Kerosene 273 ll 5
3. LPG (sthane, sthylene, propane, ' |
propylene, butane, butylene) 240 _ ! !
1 1
4. Motor gesoline 232 1 : :
Mition ! |
8. Pulping or black liquor 737 Btu H !
€. Residusl fuel oll (numbers 5, &, navy Sarreie ' !
special, and bunker ¢} 218 ! !
' 1 1
7. Waste oils and tars A I L !
8. Other liquids (Specify] Mittion ! '
1
850 Bty L .I
1 1 \
968 H ;
Fonfnpwpouaof«nmmi 2a, and?bbclow,onomy include: lene, breeze, b /butyiens, cosi coke, distilete
fuel of, eth coke, propane/propylane, and residual fuel oll. ’ ’
N 12
1. Total Btu content of energy source products shipped during 1888, .. ....................0au., —— Y]
lf the answer to question 1 is zero, omit questions 2a and 2b and proceed directly to question 3 on page 3.
1hasa p include in th t
rodupts that were reporied ',.nnswus 0 questions 28 and 2b only those energy
2a. Totsl Btu vaiue of ali enargy source inventories as of December 31, 1887. ... .......... e L - Milion Btu
2b. Totel Btu value of all energy source inventoriss as of December 31,1988, .. .................... _ — Miltion Btu

FORM EIA-844C (5-1.89)
Page 2
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1988 Manufacturing Energy Consumption Survey

Form EIA-846C (Continued)

; Section (I} — FUEL SWITCHING

. ltem description
{3}

Electricity

108 i2)

Totzl conl and coke
i3

1455

1. Quantity consumed — Copy the to1al electricity
receipts from line 4 of section |, and the quantities of
coal and coke, natural gas, distillate fuel oil, LPG, and
residual fuel oil consumed onsite as a fug! from

column (9} of section Il

Kilowatthours

Short tons

Now answer lines 2 and 3 as approprizte for the
columns with nonzero entries in ling 1. Da not
consider differences in energy prices when
estimating amounts,

Quantity nonswitchable — Enter the amount of
the quantity in line 1 that could NOT have been
raplaced within 30 days by anather snergy source
in 1988

Kilowattnours

Short tons

switchabla — Subtract line 2 from line 1
and enter the results. This represents the total
quantity of energy consumption that COULD HAVE
BEEN replaced within 30 days by one or mare
altemative energy sources in 1988,

Kilowatthours

Short tons

Now answer lines 48 through 10D as appropriate for
the columns with nonzero entries in ling 3. Complete
one cofumn before starting another.

0Of the amount shown in line 3, what is the maximurn
amount that could have been raplaced by electricity?

‘What is the minimum lead time required to make the
switch to electricity?

Short tons

100 Less than 1 day
20 day to 1 week
3l Mora than s week but within 30 days

Of the amount shown in line 3, what is the maximum
amount that could have been replaced by ¢oal and
coke?

Bb. What is the minimum lead tims required to maka the

switch to coal and coke?

Kilowatthours

|C]Lesnhun 1day.
2001 day 10 1 week
QDMo«omnnlwmb‘nwithiﬂwuayl

0f the amount shown in lina 3, what is the maximum
amount that could have been replacad by natural
gas?

Kitowatthours

What is the minimum lead time required to make the
switch to natural ges?

1 tess than 1 day
2001 day to 1 week
SDMwomnannkaimin:!Odtyl

Short tons

IDLunhan‘ldly
2L]1 gay 101 weok
3] More than 1 week but within 30 days

7a. Of the amount shown in lina 3, what is the maximum
amount that could have been raplaced by distillate

fuel oil?

7b. What is the minimum lead lima_-r‘aquimd to maks the
switch to distillate fuel oii?

Kilowatthours

Short tons

1001ese than 1 cay
2[]1 day 10 1 week
300 More than 1 week but within 30 days

10 ens than 3 day
20701 day to 1 weok
30T Mora than 5 week but withi 30days

Ba. Of the amount shown in line 3, what is the maximum
amount that could have besn raplaced by LPG?

8b. What is the minimum lead tima required to maks the
switch to LPG?

Kilowatthours

Less than 1 day
2(J1 day 10 1 week
30T More than 1 waek but within 30 days

Short tons

100 esa than 1 day
2001 doy to 1 week
30 Moca than 5 week but within 30 deys

Be. Of the amount shown in line 3, what is the maximum
:m that could have bean replaced by residusl

9b. What is the minimum lead tima required to make the
switch to rasidual fuel oil?

Kilowatthours

RV S U SN
1000ess than 1 gay
2[:]1 day 10 1 week
30T More than 1 week but within 30 days

Short tons

1DLthnldav
2|:|1 day 1o 1 wook
3 More than 1 wosk but within 30 days

10e. Of the amount shown in line 3, what is the maximum
amount that could have besn replaced by any other
snergy source? Identify that energy source. F]

switch to that energy source?

Kilowatthours

1 [:]Less than 1 day
201 day to 1 week
30T More then 1 week but within 30 days

Short tons

100Less than 1 day
2D| day to | week
3DMowﬂwﬂwlolbmwiﬁin30bvt

FORM EIA-848C 15-1-89)

Page 4
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mmmw LPG - Ractdunt fuct ol

224 {5} I {6} " {21

Bareels N Galions s Barrals

amm{ T Gefions S Barrels

Barrsls’ Galions Barels

s = : " : i .

Barrals I Galions Barrels

15)Less than 1.0y J 1L Loes then 1 cey

2001 day 10 1 week 01T dey o 1 week

30deys 3 Mo than 1 wask but within 30 duws

Bane_l:‘ Gallons

10 JLuss then 1 day
2015 dey 101 waek

100 Less than 1-dey
201davtotweek
30 More thian 1 wosk but within

Barrats Galions
100 0ess thon 1 day A JLossthen 1 day
20]1 doy'to Yweek 2071 day to 1 week
SDMM‘IMN
Gatlons
s Jtmes than 1 day
aAdvaeviotweek - - -
~3Dmm1mmmwm
Barmls -
1Duuzhunldnv
2001 day tot week™ -~ i .
aDmmrmmmmw

chm' T Gatlons

1Dme1dw
2] 1dayto 1 woek
30 days QDMmﬁmﬂwﬁk,

Baﬁah -

10 Lons then 1 dey e f" 1L Lons than + day :
: 2031 dayto tweek - e =211 day 101 waek -2l doy 10 1 wenk
thin 30 days aDMmM1mmmmmaum aDwmxrmwmmmaoam Wi thsn 1 wesk but within 30 doye

" Page
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1988 Manufacturing Energy Consumption Survey
Form EIA-846C (Continued)

Bection IV — REMARKS — Pisase use this space or attach a separate sheet fcl any axplanauans mat may ba ssssntial
in understandlng your reported data. Be sure to inciuds the name, and

s of your pany that transferred or delivered glectrcity or s
not have ancugh room in secuon A

of pow
team to your establishment in 1586! if you dld

Section V — CERTIFICATION — The data in this report havs been prapared in with the § t
ame of person to contect regarding this report — Print or type Area code  Number Extension

Telephons

Address — Number and street FROM: TMo. "bay Yeur
Period ! !
by thiereport TO: 1Mo, 10y Yeor

1 L
City State ZIP Code Signature of authorized person Date

A 15-3-88)

Page 6
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. 5. BEPARTMEMT OF COMMERCE
U OF THE CENSUS

A ENSTﬂuCTIDKS Oi\,FORM EIA—846C .
" Chemicals and ”&'ﬁ Prg Stesl Works, Blast Fumac“. and ﬂn‘mﬂg

EHGY CONSUMPTION SURVEY

ctactivities, These
“as well as
ords or substantiatly

“are engaged in separate or
units may be separated:
“gconomically, with separat
dccirate reports availablé
astablishment has previously ompleted the Annual
Survey of Manufactures (& Form MA-1000,
conducted by the:.5. Ceni
‘gsfablishiment boundariesish

=

g.Energy Consumptnon Sun

is being sponsored, byithe
tration (E1Al of the .5

tvey is Deing administered al

-5 Bureau of the Cengus.” ose used for the ASM, nit should be
: EERTEN treatod as a separate ey shient ONLY if that
Purpose of Thia Survey? . the ASM. Do

W

not consolidate two ASM:¢

““gingle establishment for purposes of the MECS,
of ssparate a singlo ASM blishmantinto
two MECS sstablishimanta. Match the 11-digit
Cansus File Number {CENJ Tocated on the MECS
questionnaire mailing fabyel
maiting label. Responses.
. include the same activities
- when responding to tha m
-7 patablishment has naver G
“for it activities that occurat

¢t data on energy consump
for the manufacturing
7 addition, it wilt Mea
0 days) capabitity of your
@ used substitute fugls
nsumed in 1988, The info
AECS will be used t0-publish
-on the consumption of enel
uel Uses; and on some.ene
A energy prices, alectr
and fusl-switching cepabn

Boction 1 — HONCQMB,U i
URCES

--Energy sources used in marm acturing can be divided
irito two groups: combustible (Eapable of being
burned}; and noncombustibla (such as electricity,
steam, and industrial hot wi . The purpose of

" section 1 is to collect 188 afor noncombustible

U ahergy sources, in particul gctricity and steam.

atory .mder thi Federa% E
of 1874, 93527

3f 1986, Public Law99

se& 10 astablishments ope r
2911}, and 3312, 8% de

rd Industrial C|ass;ﬁcat
slishments operating in the’
. $iC 20 through

«:Column 2 collects data’
“information on the.co f electricity -
production, and permit 8 te to be made of the
“total consumption of slectricity at your establishment.
“Column 3 coliects data on the additional contribution
that steam makes to the totalconsumption of energy
1 transfers and

provide important

criminal fines, civilp at your establishment thralgh
a8 provided by law, + steam generated onsite by n yable energy sources.
; “Tblimn 4 collects data on ater purchased for
uncy P A7 186 83 an energy source and'used at this
blishment site.

: ,Eiectncuy istobe reported in: thausands of kilowatt-
hours, Steam and industrial water are to be
raported in millions of Btu. f you'keep your racords for

“gteam in pounds, use a factgr 6£1, 200 Btu per pound

.of steam to convert your dats into Btu.

is confidential. it may
i5 Bureau employe
istical purposes. Thaisdw
§ retained in your files are

SPECIFIC msmucﬂo'nsi" :

Line 18 —~ Quantity Purch
or the quantity of aach n
¢haged:

| From Utliities —
bustible energy

5 8 otility and delivered
i‘regardless of when
8 of this question,

‘are legally obligated
‘public within their
ude such generators
wer producers, smaft

“pawer, electrolysis processe
‘Excludo ail:

¢ guantities purchased‘;fiom
producers, small. powel
- not tocated at this'estal

° ‘quanﬂues delivered froi mhur establishments
““ivyour company evenif those quantities were
vepurchassed from them hy your establishment.

r'gteam cleaning.

pendent powaer
iicers, or cogenerators

ing
oll, plastics, resing, or lig

not necessatrily tdenuc;r! toa
r tirm, either of which mav :

® quantities purchased and paid for by a centeal
purchasing entity sspnratc from this establishment.

.. ‘guantities for which pnvmem was made in-kind.

el

re BNty
may consist of one or more units: thm i

CONTINUE ON PAGE 2
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Form EIA-846C (Continued)

Line 1b — Expendit For Purch From
Utilitiea — Enter the total expenditures for the
purchased quantities reported on line 1a. Include all
expenditures regardless of when payment was
actually made.

Line 2a — Quantity Purchased From Nonutilities —
Enter the quantity of electricity and steam that was
purchased from offsite nonutuility power producers
and delivered to this establishment site in 1988,
regardless of when payment was made. Include
quantities purchased for ANY onsite use.

Exclude all:

® guantities delivered from other establishments
in your company even if those quantities were
repurchased from them by your establishment,

® quantities purchased and paid for by a central
purchasing entity separate from this
establishment.

® quantities for which payment was made in-kind.

Line 2b — Expendltures For Purchases From
Nonutilities — Enter the total expenditures for the
purchased quantities reported on line 2a. Include all
expenditures regardless of when payment was
actually made.

Line 3 — Other Recelpts — Enter all additionat
quantities delivered to your establishment site in
1988 but not reported on lines 1a or 2a.
Include:

+ quantities purchased and paid for by a
central purchasing entity separate from this
establishment.

e quantities transferred from another
blishment of your pany for which
payment was not made.

e gquantities delivered from snother establishment
of your company even if those quantities were
repurchased from them by your establishment.

* quantities for which payment was made in-kind.

Line 4 — Total Electricity Receipts — Enter
the sum of lines 1a, 2a, and 3 for electricity only.
Copy this total electricity receipt figure to
column 2, line 1 of Section it — Fuel Switching.

Line § — Quantity C: ated — Enter the
total quantity of electricity cogenerated from

alt energy sources, including renewable

sources. For purposes of this survey, electrical
cogeneration is defined as the production of
electric energy and another form of useful

energy {such as heat or steam) through the
sequential use of energy.

Line 8 — Quantity G ated from R bles —
Enter the total quantity of eech noncombustible
energy source generated onsite directly from solar
power, wind power, hydropowaer, or geothermal
sources., Any electricity produced as a partof a
cageneration process {that is; electricity generated
from geothermal steam which is then itself used)
should be excluded. Such quantities should be
included on line 5.

Line 7 — Other Generation — Enter the total
quantity of electricity generated onsite by all other
means not included on lines § and 6 above. For
example, slectricity generated by diesel generators
should be reported here.

Line 8 — Sales or Transfers to Utilitles — Enter
the total quantity of electricity sold or transferred by
your establishment in 1988 to utilities. For purposes
of this survay, utilities are companies that produce
and/or deliver electricity andfor natura! gas, and are
legally obligated to provide service to the general
public within their franchize srea. Utilities do not
include such generators of electricity as indepandent
power producers, small power producers, or
cogenerators not located at this establishment site.
Include quantities exchanged for the same or any
other energy source(s).

EIA-848C- {6-12-88)

Page 2

Line 8 — Sales or Transfers to Nonutilities -
Enter the total quantity of each noncombustible
energy source sold or transferred in 1988 to
establishments other than utilities. Include
quantities exchanged for the same or any other
energy source(s).

Line 10 — Nonutility Suppliers — (f any
electricity reparted in column 2, line 3 was
obtained by transfer from another

blish 1t of your P , anter the
name, address and telephone numbser of tha
supplying establishment. if you received
transfers from more than one of this type of
establishment, use the *’Remarks’’ section tc
identify remaining suppliers.

Questions 11 and 12 should be completed if there
was any elactricity g d at this blishment
site in 1988 (column 2 has a nonzero entry on
tines 8, 6, or 7). If your astablishment had no onsite
generation in 1988, omit questions 11 and 12 and
proceed with Section Il — Combustible Engrgy
Sources.

Question 11 — Indicate by checking the
appropriate box whether or not this astablishment
was electrically interconnected with an electric
utility (that is, able to deliver electricity to the grid as
well as receive electricity) as of December 31, 1988.

Question 12 — Indicate by checking the
appropriate box whether or not this establishment
was designated as a Qualifying Facility (QF) under
the Public Utility Regulatory Policies Act of 1978
{PURPA) as of December 31, 1988.

Section Il - COMBUSTIBLE ENERGY
SOURCES

Column 1 — Energy Sources ta bs Reported —
Twenty-three energy sources have been preprinted
in column 1, separated into the genaral catagories
of solids, gases, and liquids. Prior to complating
columns 4 through 10, determine from the criteria
below which of the preprinted energy sources
should be included for reporting and which
excluded.

First, EXCLUDE all energy sources that were not
consumed for any purpose at this astablishment
site during 1988. All excluded energy sources
should be lined out, and no entries should bs made
in columns 4 through 10. Next, if your
establishment consumed any energy sourcas for
any purpose during 1988 that are notincluded in
the preprinted list, add those energy sources under
the "'Other’’ heading for solids, gases, or liquids.

All unlined energy sources, including any additions
to the preprinted list, should be further evaluated
for inclusion or exclusion by the specific criterion
listed below.

If your only means of supply of an
energy source during 1988 was as a
byproduct of energy source inputs to
any of your facturing pre

it should be included ONLY if it was at
least partially consumed onsite as a
fuet during 1988 (that is for heat,
powaer, or electricity generstion). if
none of that onsite-produced enar?y
source was consumed ongite as a fuel,
it should be excluded.

Complete columns 4 through 10 for all energy
sources that were not excluded by the above
procedures. Entries should be made in
accordance with the specific instructions for
these columns.

COMTINUE ON PAQGE 3
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eporting Units ~ Use the indicated L7 - Column 8 — Source of Onsite Production —
ngall.quantities. For those - Eor oach energy source that hes ari entry in
keep records in Btu, note that : : column 7, check the **Yes'' boxif the amount
asures should be reported as actua! figted in column 7 resulted fromconsumption of
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1988 Manufacturing Energy Consumption Survey

Form EIA-846C (Continued)

Question 1 — Enter the total Btu content of all
anergy source products shipped offsite during 1988.

If the answaer to question 1 is zero, omit guestion
2, parts a and b, and proceed directly to question
3. If question 1 has a non-zero response, include
in the response to question 2 only those energy
source products that were reported in quastion 1.

Question 2a — Enter the total Btu value of all energy
source inventories as of December 31, 1987.

Question 2b — Enter the total Btu value of all energy
source inventories as of December 31, 1988.

Question 3 — Enter the total design storage capacity
located onsite as of December 31, 1988, for residual
fuel oil, distillate fuel cil, and LPG. Report the shell
capacity (that is, the design capacity of the storage
tanks) in the units of measure specified.
Include:
* onsite capacity of all storage facilities

regardless of the intended disposition of the

energy source {include both product storage

tanks and tanks dedicated for onsite use}.

* onsite capacity dedicated or leased for
storage of energy sources owned by other
establishments.

Section 11l — FUEL SWITCHING

This portion of the survey is intended to measure the
short-term capability of your establishment to have
used substitute energy sources in place of those
actually consumed in 198E. Capability to use
substitute energy sources means that this
establishment's combustors (for exampla, boilers,
furnaces, ovens, biast furnaces) had the machinery
or equipment either in place or available for
installation in 1988 so that substitutions could
actually have been introduced within 30 days
without extensive modifications.

NOTE ~ Fuel-switching capability as measured by
this survey doss not depend on the relative prices of
energy sources; it depends only on the
characteristics of your aquipment and certain legal
constraints. Fusl-switching capability sets limits on
the extent to which you could switch to a substitute
energy source if you wanted to or needed to. It has
nothing to do with whether you would want to
switch if you could. Therefore, relative prices of
energy sources are not related to fuel-switching
CAPABILITY and should be ignored when
completing this section.

We recognize that records of fuel-switching
capability are not regularly maintained. Accordingly,
reasonable approximations of fuel-switching
capsbility are ptable. These approximati
should be based on the judgment of a person
knowledgeable about the fuel-switching capability
and operations of your establishment. They are not
expected to be formal engineering estimates based
on a day-by-day analysis of the oparating levels of
individual combustors and interactions betwesn
them. Ry fistically as possible, given
your actual operations in 1988,

Base your estimates on the avsilability of substitute
energy sources and the physical condition of your
equipment during 1988. Include switching
capability that could have resulted from the use of
redundant and/or standby combustors, and from
combustors that were already equipped to fire
alternative fuels. Linas 1 through 3 of this portion of
the form measure your establishment’s overall
capability to have switched from specific energy
sources in 1988, Lines 4a through 10b describe
your capability to replace a given energy source by
specific alternative energy sources.

SPECIFIC INSTRUCTIONS

Line1 — Consumed — Enter the total
slectricity receipts figure from column 2, line 4 of
Section |, and the fuel consumption figures from
Saction |{ for total coal and coke, natural gas,
distillate fuel oil, LPG, and residual fusl oil. The
quantities to be copied are noted in the
appropriate boxes of sections | and |l.

EIA-848C- [5-11-89)

Page 4

Line 2 — Quantity Nonswitchable — Enter the
amount of the quantity reported on Line 1 that
could NOT have been replaced within 30 days by
any other energy source in 1988, even given a
severe curtailment. NOTE - Include only that
portion of total electricity receipts {purchases plus
transfers in) that could NOT have bgen replaced
by either onsite-generated electricity or energy
source(s) which accomplish the same purposss as
the offsite-produced electricity (e.g. supplying
heat or power). Portions of individual fuels may be
non-switchable dus to limitations such as:

the characteristics of your physical plant {for
sxample, single-fired combustors or the
absence of redundant and/or standby
combustors), or the requirements of your
manufacturing process.

binding take or pay contracts with enargy
suppliers that were in place.

environmental regulations which limit the
amounts of potential replacement fuels that
could be burned.

DO NOT consider current relative prices of
fuels as a limitation to switching capability.

Line 3 — Quantity Switchable — Subtractline 2
from line 1 and enter the resuits. These values
represent the quantity of each energy source
caonsumad that COULD HAVE BEEN replaced
within 30 days by at least one other energy source
in 1988. NOTE — If all entries on line 3 ars zero,
complete the Remarks and Certification sections of
the survey and retum it to the Census Buresu. For
each entry on line 3 that is nonzero, complete
remainder of that colurmn. Completa one column
before starting another.

Lines 4 through 10, Part a — Replacemant
Quantities — Report the maximum amount of the
quantity shown on Line 3 that could have been
replaced within 30 days by each of the energy
sources on lines 4 through 10, under the
constraints listed in the instructions for line 2.
Report all amounts in the units of the energy source
that is being raplaced. DO NOT convert this
amount to units of the replacement energy
sources. NOTE — Be sure to take into account not
only the fuels that could be directly substituted for
offsite-produced electricity, but also the fuels
needad to generate slectricity onsite that could
have been used in place of slectricity receipts.

NOTE — The sum of lines 4a through 10a for sach
column must be at least as large as the entry on line
3 of that column, and may be larger if more than
one alternative fuel could have been used.

Linas 4 through 10, Part b — Lead Yime — Mark
the minimum lead time required to switch to each
replacement energy source identified.

Section IV —~ REMARKS

Please provide any explanations that may be
helpful to us in understanding your reported datas.
Attach a saparate sheet if necessary. Be sure to
include the name, address, and telephone number
of nonutility power g ating establishments of
your company that supplied electricity to your
astablishment if you did not have enough roomin
section | to identify them.

Section V — CERTIFICATION

Period Covered By This Report — Enter the month,
day, and year of the beginning end the end of the
period covered by your reporst. If a calendar year
report: *’From January 1 to December 31, 1888,”; if
a fiscal yoar, specify which {such as '‘From

D ber 1, 7toN ber 30, 19887 If 2
part-year repart is submitted becauss the
establishment was not in oparation or undsr your
company’s control for the antire year, specify the
actual period covered: for example ‘“January 2, 1986
to August 15, 1988, or “"June 1, 1988 to
December 31, 1988.""

Energy Iinformatlon Administration/Manufacturing Fuel-Switching Capability 1988
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SIC 27—Printing and Publishing: This major group includes establishments engaged in printing by one or
more common processes, such as letterpress, lithography (including offset), gravure, or screen; and those
establishments which perform services for the printing trade, such as bookbinding and platemaking.

SIC 28—Chemicals and Allied Products: This major group includes establishments producing basic chemicals,
and establishments manufacturing products by predominantly chemical processes. Establishments classified
in this major group manufacture three general classes of products: (1) basic chemicals, such as acids, alkalies,
salts, and organic chemicals; (2) chemical products to be used in further manufacture, such as synthetic fibers,
plastics materials, dry colors, and pigments; and (3) finished chemical products to be used for ultimate
consumption, such as drugs, cosmetics, and soaps; or to be used as materials or supplies in other industries,
such as paints, fertilizers, and explosives.

SIC 2819—Industrial Inorganic Chemicals, Not Elsewhere Classified: Establishments primarily engaged in
manufacturing industrial organic chemicals, excluding alkalies and chlorine, industrial gases, and inorganic
pigments.

SIC 2821—Plastics Materials and Resins: Establishments primarily engaged in manufacturing synthetic
resins, plastics materials, and nonvulcanizable elastomers.

SIC 2869—Industrial Organic Chemicals, Not Elsewhere Classified: Establishments primarily engaged in
manufacturing industrial organic chemicals, excluding gum and wood chemicals, and cyclic organic crudes
and intermediates, and organic dyes and pigments.

SIC 2873—Nitrogenous Fertilizers: Establishments primarily engaged in manufacturing nitrogenous fertilizer
materials or mixed fertilizers from nitrogenous materials produced in the same establishment.

SIC 29—Petroleum Refining and Related Industries: This major group includes establishments primarily
engaged in petroleum refining, manufacturing paving and roofing materials, and compounding lubricating oils
and greases from purchased materials.

SIC 2911—Petroleum Refining: Establishments primarily engaged in producing gasoline, kerosene, distillate
fuel oils, residual fuel oils, and lubricants, through fractionation or straight distillation of crude oil,
redistillation of unfinished petroleum derivatives, cracking or other processes.

SIC 30—Rubber and Miscellaneous Plastics Products: This major group includes establishments
manufacturing products, not elsewhere classified, from plastics, resins, and from natural, synthetic, or reclaimed
rubber, gutta percha, balata, or gutta siak,

SIC 31-—Leather and Leather Products: This major group includes establishments engaged in tanning,
currying, and finishing hides and skins, leather converters, and establishments manufacturing finished leather
and artificial leather products and some similar products made of other materials.

SIC 32—Stone, Clay, Glass, and Concrete Products: This major group includes establishments manufacturing
flat glass and other glass products, cement, structural clay products, pottery, concrete and gypsum products,
cut stone, abrasive and asbestos products, and other products from materials taken principally from the earth
in the form of stone, clay, and sand.

SIC 3241—Cement, Hydraulic: Establishments primarily engaged in manufacturing hydraulic cement,
including portland, natural, masonry, and pozzolana cements.

SIC 33—Primary Metal Industries: This major group includes establishments engaged in smelting and refining
ferrous and nonferrous metals from ore, pig, or scrap; in rolling, drawing, and alloying metals; in
manufacturing castings and other basic metal products; and in manufacturing nails, spikes, and insulated wire
and cable.
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Repart on the 1930 Manufacmnng Industries’ Energy
Consumption Study and Survey of Large Combus-
tors; February 1983, DOE/EIA-0358, GPO Stock
No. 061-003- 002936 $5.00.

Industrial Erxergy Gonsumpﬁon, “Survey of Large
Combustors: 1t on Alternate Fuel-Burning
Capabilities of Large Boilers in 1979"; February
3(}4 GPO Stock No. 061-003-

0233-1, $2.50.

Methodological Report of the 1980 Manufacturing
Industries Survey of Large Combustors (EL4-463);
March 1932, DOE/ELA-0306 (no GPO Stock No.).

Cammerciai Sector

Note: 'I‘he n ' e of the Nonresidential Buildings
Energy Consumption Survey was changed to the
Commercial Idings Energy Consumption

Consum 1988; OE/EIA°  Survey, beginning with the 1989 survey. The
0512(; survey name was also dropped from the report
‘ title. ;

g 1985; January Characteristics of Bulldings

O Stock No

Commercial B&ddmgs Characteristics 1989; May

" Nonreszdemm! Emidmgs Energy Consumption
. ics - of -Commercial Buildings,

ings . Energy Consumption
stics _of . Commercial Buildings,
i Reference, DOE/EIA-MO0S,
s from the NTIS, Order No.

DE:85915581
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Nonresidential Buildings Energy Consumption
Survey: Fuel Characteristics and Conservation
Practices; June 1981, DOE/EIA-0278, GPO Stock
No. 061-00300200-5, $9.00.

Nonresidential Buildings Energy Consumption
Survey: Building Characteristics; March 1981,
DOE/EIA-0246, GPO Stock No. 061-003-00171-8,
$6.50.

Consumption and Expenditures

Nonresidential Buildings Energy Consumption
Survey:  Commercial Buildings Consumption and
Expenditures 1986; May 1989, DOE/EIA-0318(86),
GPO Stock No. 061-003-00613-2, §19.00.

Nonresidential Buildings Energy Consumption
Survey: Commercial Buildings, Consumption and
Expenditures 1983; September 1986, DOE/EIA-
0318(83), GPO Stock No. 061-003-00496-2, $13.00.

Nonresidential Buildings Energy Consumption
Survey: 1979 Consumption and Expenditures, Part 1:
Natural Gas and Electricityy March 1983,
DOE/EIA-0318/1, GPO Stock No.
061-003-00298-6, $9.50.

Nonresidential Buildings Energy Consumption Sur-
vey: 1979 Consumption and Expenditures, Part 2:
Steam, Coal, Fuel Oil, LPG, and Total Fuels;
December 1983, DOE/EIA-0318(79)/2, GPO Stock
No. 061003-00366-4, $6.00.

Residential Transportation
Sector

Note: The survey name was dropped from the
beginning of the report title starting with the 1988
data report, and the report title changed to
"Household Vehicles Energy Consumption 1988."

Household Vehicles Energy Consumption 1988,
February 1990, DOE/EIA-0464(88), GPO Stock
No. 061-003-00652-3, $11.00.

Residential Transportation Energy Consumption
Survey: Consumption Patterns of Household Vehicles
1985; April 1987, DOE/EIA-0464(85), GPO Stock
No. 061-003-00521-7, $8.50.

Residential Transportation Energy Consumption
Survey: Consumption Patterns of Household Vehi-

cles, 1983; January 1985, DOE/EIA-0464(83), GPO
Stock No. 061-003-00420-2, $4.50.

Residential Energy Consumption Survey: Consump-
tion Patterns of Household Vehicles, Supplement:
January 1981 to September 1981; February 1983,
DOE/EIA-0328, GPO Stock No. 061-003-00297-8,
$4.75.

Residential Energy Consumption Survey: Consump-
tion Patterns of Household Vehicles, June 1979 to
December 1980; April 1982, DOE/EIA-0319 (no
GPO Stock No.).

Residential Sector

Housing Characteristics

Note: The survey name was dropped from the
beginning of the report title starting with the 1987
data reports.

Housing Characteristics 1987, May 1989, DOE/EIA-
0314(87), GPO Stock No. 061-003-00619-1, $13.00.

Residential Energy Consumption Survey: Housing
Characteristics 1984; October 1986, DOE/EIA-
0314(84), GPO Stock No. 061-003-00499-7, $12.00.

Residential Energy Consumption Survey: Housing
Characteristics, 1932; August 1984, DOE/EIA-
0314(82), GPO Stock No. 061-003-00393-1, $7.00.

Residential Energy Consumption Survey Housing
Characteristics, 1981; August 1983, DOE/EIA-
0314(81), GPO Stock No. 061-003-00330-3, $6.50.

Residential Energy Consumption Survey: Housing
Characteristics, 1980; June 1982, DOE/EIA-0314,
GPO Stock No. 061-003-00256-1, $11.00.

Residential Energy Consumption Survey: Characteris-
tics of the Housing Stock and Households, 1978;
February 1980, DOE/EIA-0207/2, GPO Stock No.
061-003-00093-2, $4.25.

Residential Energy Consumption Survey: Conserva-
tion; February 1980, DOE/EIA-0207/3, GPO Stock
No. 061003-00087-8, $6.00.

Preliminary Conservation Tables from the National
Interim Energy Consumption Survey; August 1979,
DOE/EIA-0193/P (no GPO Stock No.).
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y Consumption Survey: Consump-
res, April 1 981 Through March

on Suivey, October: 1979,
(n GPO Stock No. avaxlable)

urvey name was dropped from the
tle starting with th 168

' : i nergy Consumption Survey: 1979-1980
Hous. 1pti ! , : ! Expenditures, Part 1: National
Conservation);  April 1981,
PO Stock No. 061-00300191-2,

ditures, April 1978 Through
¢ 1980, DOE/EIA-0207/S, GPO
00131-9, $7.50.

holds: Fuel Oil Inventories and
al Interim Energy Consumption
979, DOE/EIA-0207/1, GPO

tion of Residential Energy"
v, Monthly Energy Review, July

1981 Through M
ata; September .

Residential Conservation Measures; July 1986,
0 Stock No. 061

SR/EEUD/86/01 (no GPO Stock No.).
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An Economic Evaluation of Energy Conservation
and Renewable Energy Tax Credits; October 1985,
Service Report (no GPO Stock No.).

Residential Energy Consumption and Expenditures by
End Use for 1978, 1980, and 1931; December 1984,
DOE/EIA-0458, GPO Stock No. 061-003-00415-6,
$4.50.

Weatherization Program Evaluation, SR-EEUD-
84-1; August 1984 (available from the Office of the
Assistant Secretary for Conservation and Renew-
able Energy, Department of Energy).

Residential Energy Consumption Survey: Regression
Analysis of Energy Consumption by End Use;
October 1983, DOE/EIA-0431, GPO Stock No.
061-00300347-8, $5.00.

National Interim Energy Consumption Survey: Ex-
ploring the Variability In Energy Consumption; July
1981, DOE/EIA-0272, GPO Stock No.
061-003-00205-6, $5.00.

National Interim Energy Consumption Survey: Ex-
ploring the Variability in Energy Consumption--A
Supplement; October 1981, DOE/EIA-0272/S, GPO
Stock No. 061-003-00217-0, $4.50.

Energy Use by U.S. Households; November 1980,
DOE/EIA-0248 (brochure, no GPO Stock No.).

Cross-Sector

Energy Consumption by End-Use Sector: A
Comparison of Measures by Consumption and
Supply Surveys; April 6, 1990, DOE[EIA-0533 (no
GPO Stock No. available), $2.50.

Natural Gas: Use and Expenditures; April 1983,

DOE/EIA-0382;, GPO Stock No. 061-003-00307-9,
$5.50.

Public Use Tapes

Note: All tapes are available through the NTIS.

Residentlal and Resldential
Transportation Sectors

Residential Energy Consumption Survey: 1987 and
Residential Transportation Energy Consumption
Survey, 1988, Order No. PB90-501461, $220.

Residential Energy Consumption Survey: 1984 and
Residential Transportation Energy Consumption
Survey, 1985; Order No. PB87-186540, §220.

Residential Energy Consumption Survey: 1982 and
Residential Transportation Energy Consumption
Survey, 1983; Order No. PB85-221760, $220.

Residential Energy Consumption Survey: Consump-
tion and Expenditures, 1980-1981; Monthly Billing
Data; Order No. PB84-166230, $220.

Residential Energy Consumption Survey: Housing
Characteristics, 1981; Consumption and Expendi-
tures, 1981-1982; Monthly Billing Data; Order No.
PB84-120476, $220.

Residential Energy Consumption Survey: Housing
Characteristics, Annualized Consumption and
Expenditures, 1980-1981; Order No. PB83-199554,
$220.

Residential Energy Consumption Survey: Household
Transportation Panel Monthly Gas Purchases and
Vehicle and Household Characteristics, 6/79-9/81;
Order No. PB84-162452, $220.

Residential Energy Consumption Survey: Household
Screener Survey, 1979-1980, Order No. PBS82-
114877, $220.

Residential Energy Consumption Survey: Household
Monthly Energy Consumption and Expenditures,
1978-1979; Order No. PB82-114901, $220.
National Interim Energy Consumption Survey (Resi-
dential), 1978, Order No. PB81-108714, $220.

Commercial Sector

Nonresidential Buildings Energy Consumption Sur-
vey: 1986 Data; Order No. PB90-500034, $220.

Nonresidential Buildings Energy Consumption Sur-

vey: 1979 and 1983 Data; Order No. PB88-245162,
$220.

Public Use Diskettes

Note: Diskettes are available through the NTIS
and GPO.
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mpnon Survey 1987 Data,

NTIS - rder No. PB-91-505115,
$130, an rmat: Order No. PB91-
505107, ' L
GPO - ;ﬁq_rmat, order by title, $45
for each : o

,rmat Order No PBS.
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fm'mat, order by tiﬁe, 315";; i

jency Through 1985; planned.
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planned for December 1992,

Note: the Ener| 0y Information Administration also
- publishes the State Energy Data Report
Consumption Estimates annually, DOE/EIA-0214,
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Glossary

Anthracite: A hard, black, lustrous coal containing
a high percentage of fixed carbon and a low per-
centage of volatile matter. It is often referred to
as hard coal.

Barrel: A volumetric unit of measure equivalent
to 42 U.S. gallons.

Biomass: Organic (animal waste), nonfossil plant
material constituting an exploitable energy source.

Bituminous Coal: A soft coal (the most common
solid fossil fuel), which is high in carbonaceous
matter, with a volatility greater than anthracite.

Blast Furnace: A shaft furnace in which solid fuel
is burned with an air blast to smelt ore in a contin-
uous operation.

Blast Furnace Gss: The waste combustible gas
generated in a blast furnace when iron ore is being
reduced with coke to metallic iron. It is commonly
used as a fuel within the steel works.

Breeze: The tesidue from the fine screenings of
crushed coke.

British Thermal Unit (Btu): The amount of
energy required to raise the temperature of one
pound of water one degree Fahrenheit.

Butane (CJH,y: A normally gaseous, paraffinic
hydrocarbon extracted from natural gas or refinery
gas streams. It includes isobutane (a branch-chain
configuration) and isobutane (a straight-chain
configuration). It is used primarily for blending
into high-octane gasoline, for residential and
commercial heating, and for industrial uses, espe-
cially the manufacture of chemicals and rubber.

Butylene (CHy: A normally gaseous, olefinic
hydrocarbon recovered from the refinery processes,
and converted to alkylate, a high-octane gasoline
blending component.

Byproduct: A secondary or additional product
resulting from the feedstock use of energy or the
processing of nonenergy materials. For example,
the more common byproducts of coke ovens are

coal gas, tar, and a mixture of benzene, toluene,
and xylenes (BTX).

Census Reglon: A geographic area defined by the
Bureau of the Census, consisting of various States
selected according to population size and physical
ocation. The States are grouped into four regions:

o

t

1. Northeast: Connecticut, Maine, Massachusetts,
New Hampshire, New Jersey, New York,
ennsylvania, Rhode Island, and Vermont.

b

South: Alabama, Arkansas, Delaware, District
of Columbia, Florida, Georgia, Kentucky,
Louisiana, Maryland, Mississippi, North Caro-
lina, Oklahoma, Scuth Carolina, Tennessee,
Texas, Virginia, and West Virginia.

3. Midwest: [llinois, Indiana, Iowa, Kansas,
Michigan, Minnesota, Missouri, Nebraska,
Morth Dakota, Ohio, South Dakota, and
Wisconsin.

West: Alaska, Arizona, California, Colorado,
Hawaii, Idaho, Montana, Nevada, New Mexico,
Oregon, Utah, Washington, and Wyoming.

:ﬂ:a.,

Coal Coke: The strong, porous residue, consisting
of carbon and mineral ash, which is formed when
the volatile constituents of bituminous coal are
driven off by heat in the absence of or with a
limited supply of air. Coal coke is used primarily
in blast furnaces.

Cogeneration: The production of electrical energy
and another form of useful energy (such as heat or
steam) through the sequeniial use of energy.

Coke Oven Gas: The mixture of permanent gases
produced by the carbonization of coal in a coke
oven at temperatures in excess of 1,000 degrees
Celsius.

Consumption: The use of energy as a source of
heat or power, or as an input to the manufacturing
process.

Conversion Factor: A number which translates
units of one system into corresponding values of
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another system. Conversion factors are used to
translate physical units of measure for various
energy sources into their Btu equivalents.

Crude Oil: A mixture of hydrocarbons that exists
in a liquid state in natural underground reservoirs
and remains liquid at atmospheric pressure after
passing through surface separating facilities. Crude
oil is reported as liquid equivalents at the surface
(excluding basic sediment and water), measured in
terms of stock tank barrels of 42 U.S. gallons at
atmospheric pressure, and corrected to 60 degrees
Fahrenheit.

Distillate Fuel Oil: A general classification for
light fuel oils distilled during the refining process.
The classification includes products known as Nos.
1, 2, and 4 fuel oils; and Nos. 1, 2, and 4 diesel
fuels. Distillate fuel oil is used primarily for space
heating, on-and-off highway engine fuel, and
electric power generation.

Energy: The capacity for doing work as measured
in the capability of doing work (potential energy)
or the conversion of this capability 10 motion
(kinetic energy).

Energy Source: A substance such as natural gas,
coal, or electricity that supplies heat or power.

Establishment: As defined by the /987 Standard
Industrial Classification Manual, "...an economic
unit, generally at a single physical location, where
business is conducted or where services or industri-
al operations are performed.” (See Manufacturing
Establishment.)

Ethane (C,H): A colorless, odorless, gaseous
hydrocarbon extracted from natural gas or refinery
gas streams. Ethane is used primarily as a petro-
chemical feedstock for the production of chemicals
and plastic materials,

Ethylene (C,H)): A colorless, flammable, gaseous
olefinic hydrocarbon recovered from natural gas
and petroleum. Ethylene is used primarily as a
petrochemical feedstock for numerous chemical
applications and the production of consumer
goods.

Expenditores: Funds spent for energy purchased
and paid for, or delivered to a manufacturer during
a calendar year. For the purposes of the MECS,
the expenditure dollar includes State and local
taxes and delivery charges.

Fossil Fuel: Any naturally occurring organic fuel,
such as coal crude oil, and natural gas.

Fuel: Any subsiance that can be burned to pro-
duce heat.

Fuel Use (of Energy): Use of energy in the pro-
duction of heat, steam, power, or the generation of
electricity.

Generation: The process of producing steam or
electrical energy by transforming other forms of
energy.

Geothermal Energy: Hot water or steam, extracted
from reservoirs in the earth’s crust, which is gener-
ally supplied to steam turbines that drive genera-
tors to produce eleciricity.

Hydroelectric Power: Electricity generated by a
turbine driven by falling water.

Hydrogen (H,): A colorless, odorless, highly
flammable gaseous element; the lightest of all
gases and the most abundant element in the
universe.

Industrial Sector: A. subdivision of U.S. economic
activity defined by the Energy Information Admin-
istration to include manufacturing, construction,
mining, agriculture, fishing, and forestry establish-
ments.

Kilowatthour (kWh): A unit of work or energy,
measured as 1,000 watts (1 kilowatt) of power
expended for 1 hour. Once generated, one kWh is
equivalent to 3,412 Btu.

Liquefied Petrolenm Gases (LPG): Ethane, ethyi-
ene, propane, propylene, normal butane, butylene,
ethane-propanemixiures, propane-butanemixtures,
and isobutane produced at refineries or natural gas
processing plants, including plants that fractionate
raw natural gas plant liquids,

Lease Condensate: A natural gas liquid recovered
from gas well gas (associated and nonassociated) in
lease separators or field facilities. Lease conden-
sate consists primarily of pentanes and heavier
hydrocarbons. Volumes are reported in terms of
barrels of 42 U.S, gallons, at atmospheric pressure,
and corrected to 60 degrees Fahrenheit,

Lease Separator: A facility located at the surface
for the purposes of (1) separating casinghead gas
from produced crude oil and water at the tempera-
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ture and pressure conditions of the separator; and
(2) separating gas from that portion of associated
gas and nonassociated gas which liquefies at
temperature and pressure conditions of the separa-
tor.

Lignite: A brownish-black coal of low rand with a
high percentage of inherent moisture and volatile
matter content. It is also referred to as brown
coal.

Manufacturing Establishment: An economic unit
at a single physical location where mechanical or
chemical transformation of materials or substances
into new products are performed. These opera-
tions are generally conducted in facilities described
as plants, factories, or mills, and characteristically
use power-driven machines and materials-handling
equipment. In addition, the assembly of compo-
nents of manufactured products is considered
manufacturing, as in the blending of materials such
as lubricating oils, plastics, resins, or liquors. (See
Establishment.)

Manufacturing Sector (Division): One of 10 fields
of economic activity defined by the Standard
Industrial Classification Manual. The manufactur-
ing sector includes all establishments engaged in
the mechanical or chemical transformation of
materials or substances into new products. Other
divisions of the U.S. economy are agriculture,
forestry, fishing, hunting, and trapping; mining;
construction; transportation, communications,
electric, gas, and sanitary services; wholesale trade;
retail trade; finance, insurance, and real estate;
personal, business, professional, repair, recreation,
and other services; and public administration. The
establishments in the manufacturing sector consti-
tute the universe for the MECS.

Motor Gasoline: A complex mixture of relatively
volatile hydrocarbons, with or without small
quantities of additives, obtained by blending appro-
priate refinery streams to form a fuel suitable for
use in spark-ignition engines. Motor gasoline
includes both leaded and unleaded grades of
finished motor gasoline, blending components, and
gasohol.

Natural Gas: A mixture of hydrocarbon com-
pounds and small quantities of various nonhydro-
carbons existing in the gaseous phase or in solu-
tion with oil in natural underground reservoirs at
reservoir conditions. Natural gas may be subclassi-
fied as:

1. Associated Gas: Free natural gas, commonly
known as gas-cap gas, which overlies and is in
contact with crude oil in the reservoir.

2. Dissolved Gas: Natural gas which is in solu-
tion with crude oil in the reservoir at reservoir
conditions,

3. Nonassociated Gas: Free natural gas not in
contact with crude oil in the reservoir.

All natural gas volumes are reported in cubic feet
at a pressure base of 14.73 psia, at 60 degrees
Fahrenheit.

Nonfuel Use (of Energy): Use of energy as a
feedstock or raw material input.

Petroleum Coke: A solid residue, high in carbon
content and low in hydrogen, which is the final
product of thermal decomposition in the condensa-
tion process in cracking crude oil. Petroleum coke
can yield almost pure carbon or artificial graphite
suitable for the production of carbon or graphite
electrodes, structural graphite, motor brushes, dry
cells, and similar products.

Petrochemical Feedstock: Chemical feedstocks
derived from petroleum, and used principally for
the manufacture of chemicals, synthetic rubber,
and a variety of plastics.

Plant: Commonly used as a synonym for an
establishment. However, the term can also be used
to refer to a particular process within an establish-
ment.

Propane (C,Hg: A colorless, gaseous hydrocarbon
extracted from natural gas or refinery gas streams.
It is used primarily for residential and commercial
heating and cooling, and also as a fuel for trans-
portation. Industrial applications include use as a
petrochemical feedstock.

Propylene (CjH: A gaseous hydrocarbon recov-
ered from refinery processes. Propylene is used
primarily as a petrochemical feedstock.

Pulping Liquor (Black Liquor): The alkaline spent
liquor removed from the digesters in the process of
chemically pulping wood. After evaporation, the
liquor is burned as a fuel in a recovery furnace that
permits the recovery of certain basic chemicals.

Quadrillion Btu: Equivalent to 10" Btu.
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Refinery: A plant, device, or process which heats
crude oil so that it separates into chemical compo-
nents, which are then distilled off as more usable
substances.

Relative Standard Error (RSE): A percentage
measure of the precision of a survey statistic. The
RSE is defined as the standard error of a survey
estimate divided by the survey estimate and multi-
plied by 100. The standard error is the square root
of the variance.

Residunal Fuel Oil: The general classification for
the heavier oils that remain after the distillate fuel
oils and lighter hydrocarbons are distilled away in
refinery operations. The classification includes No.
5 (light and heavy), No. 6 (including heavy-grade,
so called Bunker C oil), and Navy Special fuel oil.

Roundwood: Wood cut specifically for use as a
fuel.

Short Ton: A wnit of weight equal to 2,000
pounds.

Solar Energy: The radiant energy of the sun,
which can be converted into other forms of energy,
such as heat or electricity.

Standard Industrial Classification (SIC): A
classification scheme developed by the Office of
Management and Budget, which categorizes estab-
lishments into groups with similar economic
activities.

Still Gas (Refinery Gas): Any form or mixture of
gas produced in refineries by distillation, cracking,
reforming, and other processes, the principal
constituents of which are methane, hydrogen,
ethane, ethylene, propane, propylene, butanes,
butylene, etc. Still gas is used as a petrochemical
feedstock and as a fuel in refineries.

Storage Capacity: For the purposes of the MECS,
storage capacity includes any volumetric capacity
(including tank tops and tank bottoms) that is on
the establishment site even it is dedicated or leased
for the storage of an energy source by other estab-
lishments.

Subbituminous Coal: A dull, black coal of inter-
mediate rank between lignite and bituminous coal.
Subbituminous coal, like bituminous coal, is used
as a fuel.

Turbine: A machine for generating rotary mechan-
ical power from an energy stream (such as water,
steam, or hot gas). Turbines convert Kkinetic
energy to mechanical energy through the principles
of impulse and reaction, or a mixture of the two.

Waste Materials: Otherwise discarded combustible
materials which, when burned, produce energy for
such purposes as space heating and electric power
generation. The size of the waste may be reduced
by shredders, grinders, or hammermills. Noncom-
bustible materials, il any, may be removed. The
waste may be dried and then burned, either alone
or in combination with fossil fuels.

Waste Oils and Tar: Petroleum-based materials
that are worthless {or any purpose other than fuel
use.

Wind Energy: Energy present in wind motion that
can be converted to mechanical energy for driving
pumps, mills, and electric power generators. Wind
pushes against sails, vanes, or blades radiating from
a central rotating shaft.

Wood Waste: Wood byproducts used as a fuel
Included are limb wood, wood chips, bark, sawdust,
forest residues, charcoal, and pulp waste.
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